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ABSTRACT

OLD BARNYARD: A CROSS SECTION CODE FOR SCHOOL USE

Charles J. Bridgman
Daniel P. Cannon
Ernest Park Sims
Robert H. Hamsen

» OLD BARNYARD is a digital computér code which calculates few group
fast and thermal neutron cross seéctions and constants. The first of
two sequential chains calculates the neutron flux needed to determine
the group cross sections. The cod® uses the moments method to find
the fast flux and solves the Wilkins equation numerically for the
thermal flux. The code is written in Fortran for a small computer,
the IBM 1620, and is intended for use by students and professors in

support of classroom assignments.
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PRETACE

Manv nrofagsors of nuclear engineering, mvself included teach
reactor pbysics or neutron nhyvsics as a problem oriented course. Suc:
problems generally require, as input, group cross sections and cross
section related constan:s such as the diffusion coefficient or neutron
age. However, these problems, unlike their ccunterparts in the real
world, usually involve only one or a few energy groups. This few
group distinction has always made the acquisition of group cross sec-
tions a particularily frustrating experience. One borrows on experi-
m.ntal value from here, a calculated value from there, and combines
them with some fast cross sections collapsed by hand from a many group
set (which inevitably doesn't contain all the elements of interest.)
Although sophisticated methods are always avaijable, data for one
problem of a 10 problem assignment rarely warrants the effort to
obtain them; nor does the accuracy required in a2 schcol problem war-
rant their sophistication.

The code described in this report is an attewpt to provide
reasonably good cross sections from a single, easily used, and un-
sophisticated (therefcre inexpensive) source. The code is writter in
a version of the Fortran language, the Kingston Version of Fortran II
(Kindstran.}? Kingstran has not received wide publicity and, I find,
is in limited use at other schools. However the language nay be trans-
lated to Fortran IV with only very minor modificatious. The AFIT ver-
sion has been compiled for the IBM 1620, a digital computer, installed

ub 146 (55%) of the 268 schools listed in the 1964 Oak Ridge Institute

of Nuclear Studies report, EDUCATIONAL PROGRAMS AND FACILITIES IN




NUCLEAR SCIENCE AND ENGINEERING.

The AFIT 162C has a 40K memory. card input-outpu%, Fflcat

ey AL
vide, indirect address and the usual additional instiuctions (TNS, TNF, e
- 1
. MF.) Our cbject decks should execute without chenge on any similar DA
e d LN
RN
- machine. It is our present plan to honor requests for copies of our 3
. source or shject decks directly. Please cend such requests to me at 9
3 L3
Y

the address below.

Robert H. Hznsen carried out the moments reduction study as his 4

o M.S. thesis. Ernest Park Sims added the thermal portion of the code e

A

in conjunction with his M.S. thesis research, and put the code in
its preliminary form. Daniel P. Cannon made the final revisions and
thoroughly checked the code out. In addition he provided the bulk of
] this revised document. This effort was his .S, thesis., In addition
1] to project direction, I provided the theory chaprer.
' This report is a revisior of an interim report which was publi- Eff
shed as AFIT TR 66-6 {(May 1966.) This revision contains extensive
. code changes as well as increased documentation. =
Finally I feel ccmpelled to make some comment about the name OLD "
BARNYARD. It was originally coined by Capt. Sims as a joke; however,
I find it is a name which the student remembers and more importantly 1 4
associates with cross sections and age. 1 have yet to have a student
ask "What was the name of that code which generates cross sections?" _f
Ohse f. Bl B
Charles J. Bridgman 2
Associate Professor of Nuclear Engineering
Department of Physics

Air Force Institute of Technology 3
. Wright-Patterson AFB, Chio - 45433 :
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A CROSS SECTION CODE FOR SCHOOL USE

i I. Introduction
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Many nuclear engineering instructors regard the assignment and
coempletion of realistic problems as vital to student learning, How-

- ever, instructors who assign their students such problems are continu-

t 8
PRSP SR

-

ally faced with the problem of providing group neutron cross sections
% and cross sec .on related constants such as the diffusion coefficient

and age. The alternative to providing such data is to require each

oy~ ,q.a“;.

x

comaw aima 1 seny S

student to find or calculate his own valuves. This alternative is un-
satisfactory for bo h the student and the instructor. For the stu-
dent, except for the first few times, finding or calculatingz group '¢;7 %
cross section is repetitious, time consuming, and of little educa- -1;“
3 tional value. For the instructor this practice is guaranteed to
produce a considerable variation in final answers to evaluate.

An instructor usually can assume a Maxwell-Boltzmann distribu- b ’

-
.
-

tion to determine thermal group constants or he can use experimental

values, as available., TFpithermal and fast group values are more

12
™~
.-.ﬁ.\
Fhbe 32 et s w1 O 13

difficult to obtain however, especially since only a few broad groups

-
.
o iYL DARY

4%

are desired for learning purposes. Computer codes are currently

-

zvailable, such as GAM (Ref 13), to provide fast cross sections, but

N

they usually require large, fast and expensive ccmputers not always
available. Even when such codes are locally availeble, they usually -
employ sophisticatad methods which are sketchily documented. Such ?:

a situation is acceptable when the codes are used by professionals il}".

but quite unacceptabie whea the codes are used by students.
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As a result the instructor ends up borrowing some epithermal and
fast group values from some few group published sets such as thiose in
ANL 5800 (Ref 1.) However, these may not include all ithe elements of

interest, and the group energy boundaries are not flaxible.

Statement of the Problem

A need exists for a few-group neutron cross section code for
school use in support of reactor criticality and neutron transport
problems which meets the following criteria: ca'culates cross sections
and related constants to a fair degree of accuracy (say 10%), uses
methods with vhich a student can be expected to be familiar, is
throughly documented, and can be used on small (as well as large)

digital computers.

Purpose and Method

The purpose of this study is to produce such a code. The com-
puter code described in this report calculates both fast and thermal
cross sections and related constants such as age and diffusion length.
It is written in Fortran and has been executed on an IBM 1620 computer
where it requires about 15 minutes for czompletion. The cross sections
are found by calculating the energy dependent flux in an infinite
homogeneous mixture of the isotopes or compounds specified. The in-
put cross section data is obtained from eleven group libraries of fast
cross sections plus 2200 meter per second thermal values. The energy
dependent flux is calculated by the neutron transport, moments method,
for above thermal energies and by a Wilkins equation calculation for

thermal energies.
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The eleven group input was selected as & compromise between
accuracy and amount of calculation after a systematic reduction in
the number of fine groups (Ref 8.) The above thermal calculations
were further simplified by computing resonance absorption with a
resonance integral taken from the formulas given by Murray (Ref 16:63)
and Isbin (Re% 11:459.) The Wilkins spectra is normalized to the
moments spectra at 1.125 ev.

The code itself is described in Chapter I1I, The Code. This is
followed by a chapter on operating instructions and information on
preparing input. Thirteen sample problems are given in Chapter IV,

The final chapter attempts to trace the theory of both epithermal and

thermal calculations in textbook fashicn.

TN st Srannttnas T
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consists of two chaine which must be run sequentially. The first

chain computes the energy dependent flux, both fast and thermal. This

first chain also computes neutron age, resonunce parameters, and the "
thermal constants. The output of this chain consists of the group
flux, expressed as flux per unit lethargy, for 1l epithermal groups
plus 12 thermal values at half lethargy intervals. The flux is nor-
malized to a maximum value of 100. The neutron age is also computed
both to the Indium resonance and to 1.125 ev (which is taken here as
the arbitrary thermal region upper boundary)}. Should a resonance
calculation be performed the scattering per absorbar atom, and effec-
tive resonance integral are also ralculated.

The thermal flux values are computed only if there is moderator in
the system. If a thermal catculation is performed, in adéition tc the
output above, the code computes the thermal diffusion length squared,
the migration area, the most probable and average thermal neutron ve-
iocities, and the absorption parameter of the system. <Chain one also

includes, as an option, a plot of the flux as a function of lethargy

over the entire range of interest. -

The second chain collapses the cross sections to the desired

group structure using the fluxes calculated in chain cne. The

., -

operator may choose between microscopic and macroscopic cross sections -

for chain two output. A listing of the source decks is coentained in

2




Apperidices B and D. The source decks shown there have been executed

E on an IBM 1620 with 40 K memory, card input-output, floating divide, E
indirect addressing and the usual additional instructions (TNS, TNF, ?
MF). ,
) As a convenience to the reader, the more important quanities cal-
culated by the code are listed in figure 1 along with the appropriate
equation numbers from Chapter V of this report. Figure 1 also lists
page number referenzes in three popular texts for the same quantities.
The texts are by Glasstone and Edlund (Ref 7), Isbin (Ref 11), and
Murray (Ref 16).
Quanity to be -Equation Number in Textbook Reference : 3 ’
Calculated Chapter V Murray Ishin G § E ¥ g
;_ 1
1. Fast flux and age 66, 67, 68 66 181 E ¢ ]
2., Resonance Integral 71 thru 74 45Q 253
3. Resonance escape
probability 75 63 454 253
%, Thermal utilization 78, 79 87 507 264 k. )
S. Absorption para- 82 E . 4
meter ' 3
6. Thermal flux 101, 103, 195 LT
7. Most probable thermal
neutron velocity 109 47 a8 .
8. Thermal diffvsion )
length sguared 118 66 236 116
] 9. Migration avea 122 255 216
10. Collapsed broad 125 1
) group cross sections
Figure 1
Summary of Important Quanities Calculated -
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The input to chain I consists of a cross section library ("fine"
groups) of 1l fast groups and the 2200 m/sec thermal cross section.
Related thermal constants are included such as the average logarimethic
energy decrement £, the absorption parameter at T = 293 deg Kelvin, and
the quanity (1-p) vhere u = 2/3A. There are tweo cross section li-
braries provided with the code. The thermal values in these libraries
were obtained from ANL 5800 (Ref 1) and BNL 325 and the supplements to
it (Ref 9). The eleven fast group cross sections were generated by the
General Atomics 68 group moments code, GAM-1 (Ref 13). Therefore, the
eleven group cross sections, used as input, are already flux averaged
cross sections. As such, they are a function of the material composi-
tion used to generate them. Thus the two cross section libraries pro-
vided represent flux weighting over both a thermal and a fast reactor
core composition, The Air Force Nuclear Engineering Test Facility
(NETF) core, an MTR type reactor, was selected as the thermal standard;
and the Godiva core, a bare unmoderated system, was selected as the
fast reactor standard for input to GAM-1, The "thermal" lihramy of 11
fast groups was generated by GAM working with the NETF core plus a
trace of the nuclide to be considered. The calculation was repeated
using each nuclide in the library as the trace nuclide. The "fast"
library was generated in the same way except that the Godiva core was
used in place of the NETF core. The "thermzl" library is intended for
use with thermal reactcr problems; the fast library is used with fast
reactor problems. The libraries include inelastic (n,n*) and (n-2n)
cross sections and these effects are included in the moments methods

calculations. The libraries also include fission cross sections for

use in chain two. The user may elect to generate his own library

IR

.




using some other material compcsition.

The oniy restriction is that

the 11 fine group boundaries are the same and the data order is that

shown in Figure 2.

The libraries provided with the code currently include the

following nuclides:

1. Hydrogen
2. Deuterium

3. Beryllium

4. Boron
5. Carbon
6. Oxygen

7. Nitrogen
8. Aluminum
9. Magnesium
10. Chromium
11. HManganese

12. Iron

13.

luc

15.

16.

17.

18.

19.

20.

Nickel
Copper
Zirconium
Molybdenum
Thorium-232
Uranium-235
Uranium-238
Plutonium-239

Fission Products
(of Uranium-235)

Xenon-135

Samarium-149

The fission products entries includes all procduct nuclides of

thermal Uranium-235 fission except Xenon-135 and Samarium-149.

two nuclides are included directly in the libraries.

1 b - MYty oo i v P = o

These
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Figure 2 shows the U-238 cross sections from the 'thermal" library.

The entries are explained below as codec¢ in the Figure.

a) Library and nuclide identification (Thermal libr-ory, U-238),

¢

.,:Q;H.My\n 1UM ‘?9...... 1@ QM:@" .ux@ 2-@ 94@5 13@.% .99@94 @ 1®

Y 620 i3%6000-035 .140495-01 Lioumy  aduu0 oy epdour
. . L~ . § 2 . 5 WHevd «8UL+01

(™) .8uE+01 @-51187::‘-05 £21357e~01  .16375 .419(_;2 =54368

~ 40860 42017 31T 58-01 L35, 90k=04  _682765-U¢ . 10345
.0 «31434L-01 L2357 «5byby CRY YY) « 104Uck+W?
«42502E-01 L 11926E~035 U .0 «97369E-01  ,40w82
.66460 c13c575+01  .658428-01 . 190886-03 .0
0 14670 37942 L1066¢E+01  ,66T18E-01 . 20158E-03 o
0 3¢1942-07 W0 Y <14109 . 72260 «60300E-C1 | N
19252503  .c50148~07 .0 . 34851 . 10868 i
+45119£~03  ,11660E-U6 .0 .0 «7475TE-01_ ,82987E-U3 ! g
< T502E-06 .0 .0 ®) . 1uE+01 (@) .80E+01  (T).257128-03 | 38
3638br-U2  58355E-01 __, 1379y 16344 .1242% 12706 i 3
,382845-02 . 10230L-04(8) 110402 < 10E+01 ¢3589TE+01 . 10295E+02 1 3
«1020UE-01 =.73592y <4UBBULHOT (13027840 18652E-01 ~.312035+01 .
<478Y1c+01  L1¢3108+02 . 411418-01 =.30873E+01  .49508k-01 8006254017 '
«491986-01 =,103302+01 514518401 .59580E+01 .54E535-03 ~. 47936
(56616E+01  .512335+u1  .64160E-01 22258 (87222E+01 L 45057E+01
3c27BE-01  .56888E-02 13149402 .15 ‘beul  .349115-01 ~.35343E-01
«<61G2E+02 . 31071 <95112E=01 ~.90%  -01 .28b14E+U2 25843
«167175-01 =, 17381E-01 .82331E+01  .13030 (66B6YE-01 =,605625-01

®). 322955401 .&747&5+U1 J158838+401  .11263E+01  .63656K8-01 .0

@. ] ‘0 .0 .
Pigure 21 Uranium-<38 Cross sectiuna, Thermal Library

Columns 1 thru 20
b) Number of fast cross sections below which begins on the
second line. Does not include the Vo entries for fission- 3 '55
able nuclides. E Yy
c) Epithermal-fast absorption code. o = No fast absorption f
cross sections provided (assumed negligible); 1 = Fast 2 é
absorption cross sections provided .

d) Type of inelastic scatter: 1 = inelastic; 2 = (n,2n);

3 = both; 4 = neither




g

e) Thermal average logarithmic energy decrement, §

f) Thermal microscopic absorption cross section, 9,

g) Thermal absorption parameter, A

h) Thermal microsnopic scattering cross section, 9 in barns

i) Thermal (1-p) where p = 2/3A

j) Thermal value of the product of the number of neutrons per
fission and the microscopic fission cross section, vo

£
k) Epithermal-fast fission code: O = no; 1 = yes

td
1) Microscopic, fast, absorption cross sections: 0;, c§,~-~c;1,
barns
m) Number of groups from which neutrons inelastically scatter

n) Number of groups to which neutrons inelastically scatter

o) Microscopic, fast, inelastic cross sections in the follcwing

order:
in in in
o ;@ 3 eee O 3
1-1 1-2 1-9
in in in
o 3 O 3 ees
2-2 2-3 2-10
in in in
o} ;3 © 3 eee O
7-7 ' “7-8 °’ 7-th
in in in
o 3 O 5 eee O
g-8 = 8-8 ’ g-th

p) Number of groups in which (n,2n) occurs

q) Number of groups to which (n,2n) scatter occurs

r) Microscopic, fast, (n-2n) cross secticns in the same order
as inelastic

s) Number of groups from which neutrons elastically scatter

t) Number of groups to which neutrons elastically scatter

P

B gz g

B
-



F AT R 3 5 A, \
%’; 5{! \'\'ﬁo
5 ¢ u) Microscopic Po arnd Pl elastic scatter cross sections in the
a following order (See the note below): . /{l
% i
i Po 3 Po Pl 3
o K e ; O I
i 1-1 1-1 1-2 i-2 . PO
3 : s
3 Po Pl Pe Pl .
i o Y 3 0 3 © N
° "% 2.2 2-2 2-3 2-3 K
\ﬁ . .
.'_i \4. 5 » ]
Po Pl Po Pl
3 O 3 0 :

g [s]
11-11 11-11 11-th ’ “q)-th

vy

. ! NOTE: rhe microscopic Po elastic scatter cross section is e}
3 the all angie elastic scatter cross section o - The micro- AR
. R

scopic Pl elastic scatter cross section is the product of p

times oy where u is the average cosine of the scattering

g
e

angle. GAM-1 outputs the value 30Pl and this is the value

used in the cross section library. Therefore, in the code 1'3‘,

all oPl are aivided by 3. } T

5 ) v) Mierosccpic, fast, vo . in the order vc%, vo%, cee vo%l 1,
v) Grid background card for the spectrum printout.

RC'".: The grid card is considered part of the library for j

) o each nuclide.

3 Since rlux weighting cross sections involves division by the )
L group flux, the problem of division by near zero quantities in the E
i lcwer energy groups of fast reactor systems might occur. To prevent

;;_ any problem the code scans the fast fluxes for a minimum value of 10712, A

A message is typed giving the group number of the first fine group in R

Lo . 10 ..
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which the neutron flusx iz less than the minimum valuve. If the totr:l

flux in a broad group (the sum of all fine group fluxes in a given

e
P v

t
'
(
4

o

T

} is leéss than the minimum, there is no output for that

A
Ay .

a3
ol

Shruld the user desire cross sections of "thermal’ type materisls,

such as carbon or hydrogen. in the presence of a fast flux spectrum, he ;

can obtain these simply by substituting the cross section library of -3

the "thermal' nuclide when executing chain two.

S The special set of Kingstran subroutines® provided with the code

g must be used to permit the chain operation.

. *#At AFIT, if new object decks are pnroduced (from the source decks) '
- B ‘ using the Kingstran compiler, seven (7) Kingstran trailer cards must be ‘
SR : added to the back of the chain one and chain two object decks produced. =
: g This is necessary to use the special set or subroutines. ; ;
. 11 . 2




ITI. Operating Instructions: IBM 1620

input data for chain one and chain two are prepared according to

instructions contained in the next two sections respectively. To
execute the code follow the operating instructions below: ';,rc
5 ) 1. Set all console switches to PROGRAM except the Parity switca is
" set to STOP.

2. Place the special Cld Barnyard short subroutines in the read
hopper. Press RESET and LOAD.
;j 3. HWhen the last card of the subrnutines is reached, the console

{E': READER NO FEED light will illuminate steadily. Press READER START

and read in last card. ! S
4, Remove the subroutines from the out hopper. Flace the 0ld Barn-

yard chain one object deck in the reader hopper. Place the data cards

for chain one on top of the chain one object deck. Press LOAD and

PUNCH START.

5. Chain one program will run automatically. Whern the last data card ~
enters the reader, the console READER NO FEED light will illuminate

steadily. Press READER START to read in last card.

6. The console typewriter will indicate the beginning of each section

of the ccde. After all calculations to be executed are complete, the

typewriter will type "SET SWITCH 1 ON FCR SPECTRUM PRINTOUT. PRESS

START." If a plot of the neutron spectrum is desired, set switch 1 ON

:'55 and press START. If no spectrum plot is desired, set switch 1 OFF and

-3 press START.

"
Y




7. At the end of chain one the typewriter will type "END OF CHAIN 1,

TO COLLAPSE CROSS SECTIONS LOAD CHAIN 2." If no cross sections are

desired, the program is finished. Remove chain one ard data cards and, “

if no ¢ross sections are desired the chaln cne ouvtput cards, from the
{{é out hoppers.

8. If cross sections are desired, place 91d Barnyard Chain 2 object z f?

3 deck in the read hopper. Place data cards for chain two on top of it. 4 ‘.,h

Press RESET and LOAD. Chain two will run automatically. After the

first data card is read in a typewritten message summarizes the group

e

- structure requested. When the last card enters the reader the console
READER NO FEED light will illuminate steadily. Press READER START to

reaa in the last card. Pemove chain two and data cards from the out

i
fi AN
u “ “

hopper. -
. ] 8. Yhen chain two is complete the typewriter will type "END OF PRO-
GRAM". Remove output cards from the output hopper. It is not
.\} necessary to press NON-PROCESS RUN OUT.
10. List output answer cards on the 407 lister. Put switch number 4
on the right side of the 407 UP, This causes automatic advance of a
new sheet of paper for each section of output answers. If the paper
advances at unwanted times (as it sometimes does) put switch 4 DOWN.

The best plan is to put switch 4 UP for chain one output, DOWN for

chain two outputs. .4

11, To run a second problem go back to step (1) and repeat. NOTE:

i

s

if anything should go wron; during a run (such as an erroneous data
card, or an I/0 error, or a SKIP CHECK), the particular chain in use

may be restarted by the following procedure:




1) Press STOP.

2) Remcve remaining data cards, if any, from the read hopper.

4) Replace corrected data cards in the read hopper.

P s

5) Press RESET and INSERT.

6) Type on the console typewriter the numbers %900936.

7) “ress RESET and START or punch the R-S key on the typewriter.
1'; 8) Press READER START to read in data cards.

9) Program will run.

Preparction of Input Lata, Chain One

The following data cards are required to operate chain
data may be punched in any format. If the E format is used
no blank spaces are permitted between the last digit of the

and the E of the exponent, but blanks are permitted between

one. Input
for date,
mantissa

the E and

the exponent. If the exponent is positive the plus sign is optional. -

Individual numbers on a card must be s=parated by one or more blank

spaces; commas are not allowed., Examples of correct and incorrect

4 methods are shown below.

Correct Incorrect

1 1.5

3 1,1.50r 1,
. 4 1.87E401 1.67 E+01

1.67E 01 P

1.5

e Card No. 1:
This card contains up to 6f columns of alphameric data of the © P :

User's choosing., Iden:ification, prcblem title, date. etc., are

15 3
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possible information to be placed on this card. The data on this card

will be typed out on the console typewriter and will be punched at the

head of the output data.

CXAMPLE: AFIT Subcritical Core. 5 April 67 Mackrili

Card No. 2:
This card has six (6) numbers as follows;

a) A number between two (2) and twenty-one (21) indicating the

source of neutrons the user wants to use. The mean’ng of the numbers

is shown below:

Number Source

2 U235 fission (Cranberg Spectrur:)

3 U233 fission

n Pul3®

5 pultbl

5 Cf252

7 Pu-Be (Whitmore-Baker)

8 Pu-Be (Cochrane-Henry)

9 Ra-Be (Hill)
10 The user's own source (see Card No. u)
11-21 A unit source in group 1l-11 respectively

EXAMPLE: 15 = A unit source in group 5.
b) A number giving the number of nuclides to be used in the

problem

15
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EXAMPLE: 2 for Vater (H and 0)
2 for BeO (Be and 0)
2 for Cpilig (C and H)
3 ror an Alp03-:i;0 mixture (AL, O,

1 for pure :arbcu.

¢) A number giving the total nuclei densi
atoms times 10-2%4 per cm3.  (atoms per barn-cm)
EXAMPLE: For Carton 0.08025

Fer Water (H20) 0.1005

ty for the problem in

d) A number giving the temperature of the system in degrees

Kelvin.
e) A number indicating whether or not a
lation should be performed; as below:
0 = NO
1 = YES
f) A number indicating whether or not the
homogeneous or heterogenecus; as below:

0

homogeneous

1

heterogeneous

Card No. 3:

resonance escape calcu-

mixture is considerw:d ~

This "card" is a small deck of cards containing the neutron

source data for the pregram. It is included as

library and normally requires no preparation on the part of the user.

The source deck must always be included even wh

read in his own source spectrum., A listing of

Appendix E,

16
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en the user desires to

the sources is shown in
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Card No., Uu:

This card is required only if the first number on card no. 2 is
10; i.e., only if the user wants to reaa in and use his own source.
This card contains eleven numbers representing the fraction of the

source in each of the eleven epithermal-fast groups.

Card No. 5:

This card is inciuded only if the fifth number on card no. 2 is

1; i.e., if a resonance escape calculaticn is to be performed. This

card contains three (3) numbers as follows:

a)

A number indicating whether the resonance nuclice is U238,

Th232 or W (Tungsten) as shown below:

—
n"

Uor W

2 =Th

b) A number giving the nuclei density of the resonance nuclide(s)

in atoms per barn-cm.

¢) A number indicating whether the effective resonance integral

is being supplied by the user, or whether it is to be calculated by the

program:

o

to be calculated

non-zero = value of RI to be used
eff

Zard No., 6:

This card is included only

if the sixth number on card no. 2 is

1l; i.e., only if the mixture is considered heterogeneous. This card

contains two (2) numbers giving the "" and "E" factors, in that order,

for calculating the effect of heterogeneous cell structure on thermal

s
"
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utilization. (See the section on thermal utilization for the equations
used to calculate the "F'" and "E" factors).
Cards number 7 and 8 are required for each nuclide in the sequence

7, 8, 7, 8y » « .+ .

Card No. 7:

This card contains six numbers as follows:

a) Twenty (20) columns of alphameric identification to identify
the nth nuclide of the problem, This is optional, for the user's use
only, and may be left blank (the next number must always start after
column 20 however).

b) A number giving the nuclei density of the nth nuclide in the
problem in atoms per barn-cm.

c) A number indicating whether the nuclei is a moderator, fuel,

or other as below:

1 = moderator -
2 = fuel
3 = other

d) A number indicating whether microscopic or macroscopic cross
sections are to be output for this nth nuclide. A number is always

required here even if cross section averaging is not to be parformed

(chain two of the prograr). The number should be:

1

microscopic

2

macroscopic
e) A number indicating if this is a resonant nuclide (U238,

Th232 or W). The number should be:

0 = NO
1 = YES
18
i
!
.'




Card No. 8:

This "card" is a deck of cards containirg the eleven (11) group
plus thermal cross sections of the nth nuclide. This deck is selected
from cre of the two program libraries provided, and requires no prepa-
raticn on the part of the user. The thermal library is for use with
thermal reactor problems, and the fast library is for use with fast
reactor problems. The Uranium-238 cross section deck from the thermal
library is shown in Figure 2. The grid background card (the last card
of each cross section deck) must be included for each nuclide.

Figure 3 shows the arrangement of the entire input deck for chain
one. The following are some notes on chain cne data:

a) The total nuclei density on the first card should be the sum
of the individual nuclide densities on the separate card no. 7's.

b) The nuclei density of che resonance nuclide on card no. 5

should agree with that on card no 7 for the resonance absorber.

Preparation of Input Data, Chain Two

Chain twe of the program requires the preparation of only one
additional card. This card has up to twelve (12) numbers. The first
is the number of epithermal-fast broad groups for which cross sections
are to be calculated. The remaining numbers are the numbers of the
lowest fine group in each of the selected broad groups. The last
number on this card is eleven (11) indicating that the last epithermal-
fast broad group extends down to .tl4 ev. Thus if the first number is
five there will be five more numbers on the card. If the first number

is eleven, there will be eleven more numbers on the card.

19
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EXAMPLES:

11 1 2 3 4 5 6 7 8 9 10 11
This additional card is the first input data card for chain two.
It is followed by the collection of cards 7 and 8 from chair one as

shown in Figure 4,

Same for nuc.iae #3
Same for nuclide #2

Nuc.den. and cross
sect.,nuclide#l

Hetersgeneous ceil
factors (optional)

Kesonance dats (optional)

Users own source (optional)

~——— bdource deck(supplied)

Source number, no. of nuciides,total nuciei density,
T, type medie

Problem 1D, titie, users name, date, etc.

Figure 3: Chain One Input

20
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Same for nuclide #3

/ Same for nuclide #2
/

Nuclide card and library deck
/‘/ nuclide #1 ’

T Collapsing Card

Figure 4: Chain Twe Input
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1V, §§mp3e Problems

the preceeding chapter, inscructions were given showing how to

e 4 Tt 3 b N o N Y T Y

oF the code and how te run the code using the IBM 162¢

(2
pe

his chapter 1s devonied to exhibiting “OLD BARNYARDY

ocutput for selected problems. Further explanation of some of the prob-

sa b —

lers is given below. The following is a list of thc sample problems )

included in this chapter:

(1) Pure Carbon
a) 1 fast group, T = 293 deg. K-~1lvin
b) 2 fast groups, T = 293 deg Kelvin
¢) 1 fast group, T = 1273 deg. Kelvin
(2) HWater
a) 1 fast group
b) 2 fast groups ‘
(3) Pure Uranium-233
a) 1 fast group
b) 3 fast groups
(4) Air Force Nuclear Engineering Test Facility (NETF) core
a) 1 fast group
b) 2 fast groups
(5) Air Force Institute of Technology (AFIT) Subcritical
core
a) 1 fast grecup - )
b) 2 Fart groups

(6) Romaska Core

22
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a) 1 fast group

b) 3 fast grcups.

The first two problems listed above are self explanatory. Prob-
lem three, pure Uranium-235 is shewn in figures 10 and 11 for one and
three fast groups respectively. This is, of course, a fast system
with au moderator present. The reader will note that in this case
thermal calculations are not performed, as was explained earlier in
Chapter II. Therefore, only ten epithermil group fluxes are output
plus the age to the Indium resonance in chain one. Also, the flux
plot is terminated at lethargy 16 in this case.

The Air Force Nuclear Engineering Test Facility (NETF) is a ten
megawatt, approximately 90% enriched, unpressurized. thermal research
reactor. The core has a rectangular parallelepiped arrangement of MTR
flat-plate type fuel elements, cooled and moderated by light water.

The Air Force Institute of Technclogy (AFIT) subcritical reactor
is a ratural uranium reactor with cylindeical, aluminum encased, fuel
elements arranged in a cylindrical pattern. The core is moderated
with light water.

Finally, the Romaska reactor is a Russian direct energy converter
reactor with a UCy;, C core. The Romaska core has a Carbon-Uranium
atom ratio of approximately 6 tc 1. Thus, the Romaska core is a fast
reactor system. Output for this core is shown in figures 16 and 17
for one and three fast groups respectively. Since there is some mod-
erator in the system, thermal calculations are performed even though

the thermal flux is very low.

23
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JOB OLD BARHMYARDs CHAIN 1

' CARBON 1 FAST GROUP 21 FEB, 1967

THE SQURCE USED 1S U235 FISSION (ZRANBERG SPECTRUM).

SYSTEM TEMPERATURE IS 293.,0 KELVIN

N ATOM FRACTIONS ARE
CARBON 1.00000000

A GROUP LE THARGY ENERGYs EV SOURCE
B 1 «50 6+0653E+06 2.3023E-02
' 2 1.00 2.,678BE+06 1.0824E~01
] 3 1.50 2.2313E+06 2.1044E-01
1 4 2.00 1.3534E406 2.3139E-01
3 5 2450 842085€+05 1.8048E-01
2 ¢ 3.00 44978TE+05 1.1483F=0!
7 5400 He T3TSE+04 142439E-01
" 8 8.00 3.3546E+03 7,2094E~03
3 9 12.00 6e1442E+01 «0000E+00
Y 10 1600 1e¢1254E4+00 +CGO0E+00
3 11 17.00 441399E-01 «0000E+00
- 2 12 17450 245110E-01 ~0000E+G0
b 13 18.00 1¢5230E-01 «0000E+00
E 14 18450 942374E~02 «0QUOE+00
5 15 19.00 5.6028E~02 .0000E+00
‘ 16 19.5C 3.3983E-02 »0000E+00
: 2 17 20400 2.0612E-02 «0C0CE+00
g 18 20450 162502E-02 «0000E+00
19 21.00 7+45826E-03 . 0000E+00
3 20 2150 44%991E-03 «0000£+990
: 21 22.00 2.7895E-03 +0000E+00
. 22 22450 1¢6919E-03 +0000E+00
4 23 23.00 1.0262€-03 «0000E+00

AGE TJO INDIUM RESONANCE (l.46EV)

AGE TO ARBITRARY THERMAL
THERMAL DIFFUSION LENGTH SQUARED 1S

TOTAL MIGRATION AREA IS

MOST PROEABLE THERMAL NEUTRON VELOCITY
AVERAGE THERMAL NEUTRON VELOCITY IS
ABSORPTIZX PARAMETER

Pigure 5a:

Carbon, 1 PFas% Group, Thain 1

IS

(1.12EV)

RELATIVE GROY"P
FLUXs JUNIT U

5+3003E-02
208939E-01
746130E-01
13565€E+00
1+3G75E+00
1+44450E+00
1.2667E+00
141381€+00
1.0195E+00C
1eC454E+0Q0
1.1516E+00
2¢1834E+00
1¢7762E+01
6¢5395£+01
1.0000E+02
87568E+C1
5¢4531E+01
2.7603E+01
142321E+01
5¢0958E+09
2¢0123E+00
77271E~01
2¢9172€E-01

3.2282E+02 CM2
3.2706E+02 (M2
2.0762E+03 (M2
344032E+03 CM2
IS 245493E+403 M/SEC
2+5200E+03 M/SEC
2.4099E-02
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IS
OUTPUT WIilLl 8 FOR 2 BROAD GROUPS
THE SOUNDARY F [Nz GROUPS ARE 11 12

NUCLIDE 1S CARION

! '
] !
i
JOB  NLD RARNYARC CHAIN 22
THE TOTAL NUMBER OF BROAD GRCUPS 2 !

2 ITS NU'MBER DENSITY 1S 8,0230F~02 PrR BARN-CM

MICROSCOPIC CRQSS SECTIONS, IN BARNS, FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL -
FROM TO INELASTIC N-2N (PO) (P1) TRANSFER R
] 1 00068 . 00000 4421159 .28014 4.212217
: 1 2 00000 00000 L04126 -e01204 L04126
: 2 z 00000 00900 4480000 +26638 44800075 g
GROUP SIGTR SIGR SIGA NUSIGF SOURCE -
] 3.9f 543 04126 . 00000 00000 1.00009 :
2 445361 06343 «00349 00000
MAXWELL-BOL TZMAN FACTOR = 14128, AVERAGE X = 1+1468881F+00

Figure 5c¢: Carbon, 1 Fast Group, Chain 2
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JOB  OLD RARNYARD,s CHAIN 1

: CARBON 7 FAST GROUPS 21 FEB, 1967 R

THE <OURCE USED 1S U235 FISSION (CRANBERG SPECTRIM),

SYSTEM TEMPERATURE IS 293.0 kELVIN

ks

ATOM FRACTIOMNS ARE

AGE TO INDIUM RESONANCE (1446EV)

AGE TO ARBITRARY THERMAL
THERMAL DIFFUSION LENGTH SQUARED IS
TOTAL MIGRATION AREA

Pigure 6a:

IS

(1e12EV)

342232E+02 CM2
342706E+02 (M2
3¢0762E+03 CM2
34%032E+03 (M2

Carbon, 2 Fast Groups, Chain 1

27

CARRBON 1.00000000 ]
RELATIVE GROUP o
HROUP LETHARGY ENERGYs EV SOURCE FLUXy /JUNIT U t
1 e5C 6+0653E+06 2.3023E8-02 5¢3003€-02 :
2 100 3.6788E+06 1.0824E~01 2.8939c-¢1
3 159 2.2313E+06 2.1044E-01 7.613¢ 01
4 2.00 1.3534€E+06 2.3139€-01 143565E£+00
5 250 8+2085E+0% le8048E-01L L1e39/5E+00 '

1 6 3,00 449T8TE+GS 1.1483E-01 1446505400 .
7 5.00 6e7379E+06 1.2439E~-Q1 1.3667E+00 "
8 8.00 3.3546E+03 7.2094E-03 1.1381E+00
3 12.00 6:16L2E401 +0000E+00 1.0195E+00 .

10 16400 141254E400 «0000E+00 1. 0454E+00 :
11 17,00 441399E-01 . 0000E+00 1.1516E+00 :
12 17.50 245110E-01 «0000E+00 2.1834E+00 E
13 18400 1.5230E-01 «0000E+00 le7762€+01 2 '
i4 18.50 9.2374E-G2 «0000E+00 6.5395E+01 i

15 19,00 5.6028E-02 +«000CE+00 1.00C0E+02 2

16 15,50 3.3983E-02 «0000E+09D 8.7568E+01

17 20.00 2.0612E-02 «0000E+00 544531E+01

18 20450 1.2502E-02 «0000E +00 2.7603E+01

19 21.00 7.5826E-03 +0000E+0D 1.2321E+01 .
29 214590 445991E£-03 «0000E+00 5+0958E+00 :
21 22.00 2.7895E~03 «0000E+00 2.0123E+00 3
22 22450 146919E-03 «000CE+00 7.7271E-01 3
3 23.00 1.0262E-03 . 0000E+00 249172E-01 k

MOST PRCBABLE THERMAL NEUTRON VELOCITY 1§ 245493E+402 M/SEC 2
] AVERAGE THERMAL NEUTRON VELOCITY 2.5200E+03 M/SEC ;
1 ASSORPTION PARAMETER 15 244099€-02 '
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JOB  OLD RARNYARD CHAIN 27

THF TOTAL NUMEER OF BROAD GROUFPS IS 3

OUTOIT wiLL BE FOP 3 8ROAD GROUPS

THE BQUNCARY TINE GRCOHIPS ARE 6 11 12

NUCLIDE IS CARBON

ITS NUMBER DENSITY IS 8.0230E-02 PER BARN-CM

MICROSCOPIC CROSS SFCTIONS. IN BARNS: FOLLOW.

SCATYER ELASTIC ELASTIC TOTAL
FROM 10O INELASTIC N-2N (POi (P1) TRANSFER
1 1 - N0403 + 00000 2014892 «32287 215295
1 2 000061 000000 024‘*0“ -.06270 024465
1 3 « 50000 « 00000 .C000¢ «00000 « 00000
2 2 « 00000 «0000GC 4452266 «28357 4,52366
2 3 « 00000 + 00000 « 04834 -«01410 «04E34
3 3 « 00030 «00000 4.80000 «26638 4,4,80000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 2013743 224465 «0GC000 « 00000 « 86840
7 4430254 » 04834 « 00000 « 00000 «13160
3 4453661 «00349 «00349 «00000
MAXWELL-BOLTZMAN FACTOR = 1,128, AVERAGE X = 11468881E+00

Figure bc: Carbon, 2 Fast Groups, Chain 2
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CARBON 1.00000000
RELATIVE GROUP
GROUP LETHARGY ENERGY, EV SCURCE FLuUXs  JUNIT U

1 .5 0+0653E+06 2.3023E-G2 606410E~02

3 1.50 2¢2513E+06 ¢ 10644E-01 945386E-01

4 2400 1.3534E+06 2.3129€-01 1.6996E+00

6 3.00 4.9TBIE+DS 1.14835-0, 1.3105E+00

7 5400 6473 7YE+GE 1.2439€-0! 14 7124E+00

8 8.00 3.3546E+03 7.2094F-03 142605 +09

9 12400 641662E+01 +0000E +00 1627738+00

10 16400 1.1254E+00 «0000E+00 1.3098E+00C

11 17.00 441359€-01 <0U00E+0C 6.1758E401

12 17450 2.5110E-01 <0000E+0C 9¢954CE+01

13 16400 145230€E-01 <N000E+00 845865601 .

14 18.50 942374E~02 «B00OE +00 5:6999E+01

15 19,00 5.6028E-02 «0000E+00 2491778 +01

16 19450 3.3983£-02 «0000E+50 143114E+01 .

17 20400 2.40612E-02 «00C0E+00 5¢4468E+00

18 20450 1.2502E-62 «0000E+00 24156 TE+0C '
19 21400 7.5826E-03 «0000E+00 842955E~01 ,
20 21430 445991F-03 +0000E+00 3.1352£-01 {3
21 2290 247895E-03 «0000E+00 1+1724E-01 13
22 22456 1.6919€-03 +0000E+00 443556E-02 . 3
23 23400 1.0262€6-03 »0000+00 1.6119€-02 i 3

L

JOBR - OLD RARNVA
CARBON AT 1000
HE CQURCF Ut:In
YSTEM TEMPERATURE T

T FRACTIONS ARE

AGE TO IMNDIUM RESONANCE
AGE TO ARBITRARY THERMAL

1 11236

RDe CHAIN 1

Fre<]ON

DEG CENTIGRADY i

S 1274.0 XLLVIN

{(leabEV)

{(TRANRBERS

(1e12EV)

LHROUP

SPECTRUMY,

3.2476E+02 (M2
342902E+02 (M2

THERMAL DIFFUSION LENGTH SQUARED IS
TOTAL MIGRATION AREA IS

MOST PROBABLE THERMAL NEUTRON VEILOCITY |
AVERAGE THERMAL NEUTRON VELCCITY IS
ABSORPTICN PARAMETER IS

6.284T7E+03 (M2
€«7137E403 (M2

% ,3968E+03 M/SEL
5¢1951E+02 M/SEC
141561E-02

wn

Figure 7a:; Carbon, 1 fast Group, 100C Deg. Keivin, Chain 1
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JO8  OLD BARNYARD CHAIN 22
THE TOTAL NUMBER OF BRCAD GROUPS IS 2
oUTrPUT WILL BE FOR 2 3ROAD GROUPS
THE SOUNDARY FINE GROUPS ARE 11 12
NUCLIDE IS CARBON

ITS NUMBER DENSITY IS 7.9990E-02 PER BARN-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PO} (Pl TRANSFER
1 1 «00068 «00000 4421159 «28014 4,21227
1 2 « 00000 «00000 «04126 -e01204 « 04126
2 2 « 00000 «00000 4480000 26688 4,80000
GROUP SIGTR SIGR ' SI1GA NUSIGF SOURCE

1 3,98543 «04126 «00000 « 00000 1.,00000
2 4453665 «00353 «00353 «00000

MAXWELL-BOLTZMAN FACTOR = 1.128, AVERAGE X = 1e1343391E+00

Pigure 70: OCarbon, 1 Fast Group, 1000 Deg. Kelvin, Chain 2
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JOB  OLD BARNYARDy CHAIN
WA ER 1 VAST GROUM 21 FEY, 1967
THF SOURCEZ USED 1S U235 FISSION (CRANBERS SPECTRUMI . .
SYSTEM TEMPERATURE 15 2932,0 XEULVIN
ATOM FRACTIONS ARF .
HYDRNIGEN »6666(666
OXYSEN ¢33333332
RELATIVE GROUP
GROUP LE THARGY TNERGYs EV SOURCE FLUXs /ZUNIT U
1 «50 5. 0653E+05 2.30235~02 5.6259E =01
2 1. 00 3.6788E+06 1.08264E-014 2eil87E-0C
3 }ef“j 2’23:354‘0{} 2:10‘4‘4&"(}1 (411696&"'00
4 2409 1.,353LE+06 2.3139t-p01 4414808 +00
& 2639 8+2085E -05 1.80482~01 3¢5712E+00
6 3,00 449787E+05 1.1483€-31 3400865400
7 5.00 6« T379E+0% 1.2439E~01 150925460
8 8.00 3.3545E+03 7.20940-33 5457645E~C1
9 12.00 6e1462E+01 «000QE+00 746440E-01
1" 16450 1.1254E+06 «0NOGE+Q0 7+5715E-01
11 17400 441399€-01 «D000E+00 843546E~01 .
12 17450 2.5110£-01 «0000E+00 1.8262E+00
13 18.090 1.5230E-C1 «0060Z+00 1.7363E+01
14 18450 9+2374F~03 «J00CE+00 6e5127E+01
1% 19.00 5¢6028E-02 +0000E+Q0 1.0000E+02 -
16 19.50 3.3983E-02 .0CI0E+00C 8e7712E+01
17 20.09 2.06128~-02 «00005+00 5.4671E+01
18 22.50 142502E-02 +00GCE+C0 2.7690E+01
19 2190 7.5826E-03 «GO0QE+00 142365E+01
20 71.50 4+5991£-03 «000CE+00 5¢1154E400 :
i 21 72400 2+ 7895€-03 +090N0E+00 2.0405E+00 3
22 22450 146919203 +0000E~0D 747599E-01 !
.- H 23 23400 1.0262£-03 «0C00E+00 2.9300£-01 - E
3 g
" AGE 70 INDIUM RESONANCE (1.46EV) IS 245224F 401 CM2 2.
" f AGE TO ARBITRARY THERMAL (1.12EV) IS Z2¢5338E+01 (M2 L,
; THERMAL DIFFUSION LENGTF SQUARED IS 6¢2752E+00 CM2 e 7
o TOTAL MIGPATION AREA [$§ 341014E+01 CM2 E
3 MOST PROBABLE THERMAL NEUTRON VELOCITY IS 2¢5493E+03 M/SEC 2 :
. AVERAGE THERMAL NEUTRON VELOCITY iS 245111E403 M/SEC - 3
1 ABSORPTION PARAMETFR 15 le7454E-02 -
& Figure 8a: Water, 1 Fast Group, Cnain 1 1 3 1
— o
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JOB  OLD BARNYARD CHAIN 27 R ‘
THE TOTAL NUMEZR OF RROAD AROUPS 1§ 2 S
3 DUTPUT WILL B8E FOR 2 BROAD GROUPS ﬁ
_ THE BOUNDARY FINE GROUPS ARE 11 12
1 4
1 A
NUCLIDE IS HYDROGEN L. ’
ITS MUMBEP DENSITY IS 6.6800E-02 PER BARN-CM 5
MICROSCOPIC CROSS St TIONS» IN BARNS, FOLLOW. g
SCATTER ELASTIC ELASTIC TOTAL : E
FROM TG INELASTIC N-2N (PO} (P1) TRANSFER E
1 1 «0000°¢ .00600 1063433 7.21949 1063433 N
1 2 «000G0 «00000 . 70545 $31222 .70565 SR
4 2 2 +C0000 + 00000 38.C0000 25.13320 38.00000 R
GROUP SIGTR SIGR SIGA NUSIGF SOURCE -
1 3.21308 +71048 ,00502 .00000 1,00600 g
> 13.15730 229050 +29050 «00000 o
3
NUCLIDE 1S OXYGEN
ITS NUMBER DENSITY IS 3,3400E-02 PER BARN-CM 3 k
imlcnoscop:c CROSS SECTIONSs IN BARINSs FOLLOW. 3
SCATYLR ELASTIC ELASTIC TOTAL e
FROM 10 INELASTIC N-2HK (PO) (P1) TRANSFER E .3
1 1 .G0118 «00000 3.34723 $25328 2,34840 .
1 2 200000 +000060 «01400 -+00420 +01400 2
3 2 2 «20000 +00000 4420000 «17514 4420000 e
GROUP SIGTR SIGR SIGA NUSIGF SOURCE P g
1 24115641 «02009 +00609 +00000 1.00000 F 3
2 4.02661 +00175 «00175 +G000D s
: . MAXWELL-BOL TZMAN FACTOR = 1,128, AVERAGE X = 1.1628491€+00
Figure 8c: Water, 1 Past Group, Chain 2 :
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JOB OLD SARNYARDy CHAIN 1
WATER 2 FAST GROUPY 21 FEBs 1967
THE SOURCE USED 1S U235 FISSION (CRANBERG SPECTRUMI .
SYSTEM TEMPERATURE 1S 293.0 KELVIN .
v)
ATOM FRACTIONS ARE 3
=3
HYDROGEN «6666666E 3
OXYGEN «33333333 w
2
O
RELATIVE GROUP <
GROUP LETHARGY ENERGY .« EV SOURCE FLUXs /UNIT U I
w
1 ¢50 6.CE53E+06 2.3023E-02 546299E-01 -
2 1400 3.67B8E+06 1.0824E-01 2.1187E+09 9
2 145C 2.2313F406 2.1044E-01 44 1606E+00 7
4 2.00 1.3234E406 2.3139E-01 441480E+00 &
5 250 8.2085E+405 1.8048E-01 3.5712E+00 >
6 3.00 L 9T8TE+D5 1.1483E-01 3+0086E+00 >
7 5.00 6.7379E+04 1424358-01 1e6096E+00 5
8 8420 343546E+403 742034E-03 8,5745€-01 £
S 17.00 6e1442E+01 +0C00E+00 TetlLQE-G1 -
10 16.00 1,1254E400 «.0000E+00 7¢5715€-01 w
11 17400 441369E-01 «000Q0E+00 8435465-01 _
12 1750 2.51i0E-01 +0000E+00 148262E +00 -
13 18.0C 1.5230E-01 +00G0E+00 1473635401 £
14 1£450 9.2374E~02 +00COE+00 6e5127E+51 x
15 19.00 5¢6028E-02 «0000E+00 1.0000E+02 9
16 15450 3.2983E-02 »0000E+D0 8.7712E+01 o
T 20.50 Z2.0512€-02 +00NOE+00 3404671E+C1 x
18 23450 1.2502E-02 «.0000E+0Q0 2.7690E+01 7
1s 21.00 7.5826E-032 «0000E+00 162365E+01 u
20 2150 4,5961E-53 +0000E+00 5.1154E+00 z
2 22.00 2.7895£-.03 «00C0E+00 2¢0205E+00
22 22450 1.6919E-03 +0000E+00 747599E-02 . -
23 23,00 1.0262€-03 «000CE+00 2.9300E-01 O 2
e t‘
AGE TO INDIUM RESONANCE (1.45EV) IS 2.5224E+01 CM2 -, 5y
AGE TC ARBITRARY THERMAL (1412EV) 15 2.5338E+01 (M2 RN
THERMAL DIFFUSION LEMGTH 5CUARED 1S 542752E+00 CM2 T S
TOTAL MIGRATION AREA IS 3,1614E+01 CM2 e .
MOST PROBABLE THERMAL NEUTRON VELOLITY 1S 2+5693E403 M/SE ©
AVERAGE THERMAL NEUTRON VELOCIiY IS 2+5111E+03 M/SEC Y
ASSORFTION PARAMETER 1S 14 7454E-02 ’
figure Ja: Water, 2 PFast Groups, Chain 1
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JOB OLD BARNYARD CHAIN 22

P Y

LVRUUr O

hg Y A (YR o Bl o~ Lol et a i e
THS_ -n-ﬂ:_ ?x“_/'l'!o:_l\ Ur oo v

v
OUTPUT WilL BE FOR 3
THFE ROUNDARY FINE GROUPS ARE 6

is 3

3JROAD GROUPS
1n

12

NUCLIDE IS HYDROGEN
ITS HUMBER DENSITY IS 6.6800E-02 PER BARN-CM
MICROSCOPIC CROSS SECTIONS,s IN BARNS, FOLLCW.
SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PG) (P1) TRANSFER
1 1 « 00000 «00000 1.82518 1e46149 182518
1 2 « 00000 «00000 ) «45849 « 721617 1.45849
1 3 «00C00 + 00000 «00000 «0000¢C « 00000
2 2 «00C00 «00C00 15764653 1073447 15,76453
2 3 «00C00 «00C00 1.19781 ¢53015 1419781
3 2 + 00000 «00400 38.,00000 25.13320 38400700
GROUP SIGTR SIGR SIGA NUSIGF SQURCE
1 110052 1.45849 «0uV00 « 00000 « 86840
3 13.15730 23050 ¢ 29050 « 00000
NUCLIDE IS OXYGEN
ITS NUMBER DENSITY IS 3.3400E-02 PER BARN-CM
MICROSCOPIC CROSS SECTIONSs IN BARNS, FOLLOW.
SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PO) (P1) “RANSFER
1 1 « 00244 «00000 244289 +39193 2444532
1 2 « 00043 +C0000 011221 «00256 «11264
1 3 « 00000 «00000 « 00000 + 00000 « 00000
2 2 «C00V0 «00000 3.90007 e15472 3.90007
2 3 « 00000 «00000 e 02377 ~e¢00713 «02377
3 3 « 00000 «00000 4420000 «17514 4420000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 2417829 «12746 «01481 +«+ 00000 « 86840
2 3677624 002377 « 00000 « 00000 e13160
3 4,02¢61 «00175 +00175 + 00000
MAXWELL~BOLTZMAN FACTOR = 141289 AVERAGE X = 141428491E+00
Figure 9c: wWeter, 2 PFast Groups, Chain 2
38.
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JOB OLD BARNYARDs CHAIN 1

PURE URANIUM-235

1 FAST GROUP

21 FEB,

1967

THE SOURCE USED IS U235 FISSION (CRANBERG SPECTRUM).

SYSTEM TEMPERATURE IS 293,0 KELVIN

ATOM FRACTIONS ARE

URANIUM 235

GROUP LETHARGY

50
1.00
1.50
2,00
2.80
3,00
Seli
8,00
12,00
16,00

OOVB®NOWVEWN

-

1,00000000

ENERGYs EV

6.0653E+06
346788E+06
242313E+06
143534E+06
8+2085E+05
449787E+05
6 7379E+04
3.3546E+03
6414%,2E401
1.1254E+400

AGE TO INDIUM RESONANCE (1.46EV)

IS

SOURCE

24.3023E-02
1.0824E~-G1
201044E-01
2.3139E-01
1.,8048E~01
1,1483E-01
142439E~-01
T42094E-03

+0000E+00

«0000E+00

FLUX»

RELATIVE GROUP
JUNIT U

6+3595E£+00
3e3570E+01
66729E+01
849339E+01
1.0000E+02
9¢9793E+01
6.6472E+01
4+7531E+00
343288E-03
8.0036E-08

149578E+01 CMZ

Pigure 10a: Uranium-235, 1 Past Group, Chain 1
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THE TOTAL NUMBER OF BR2AD GROUPS 1S
OoUTPU"  JLL BE FGR 1 BROAD GROUPS
THE 8( {wUARY FINE GROUF® ARE 11 12

JOB OLD BARNYARD ZHAIN 2Z

Pt

{UCLIDE S URANIUM 235

ITS MUMBER DENSITY IS 4.7900E-02 PER BARN-CM

MICROSCUPIC CROSS SECTIONSs IN BARNSs FOLLOW,

SCATTER ELASTIC ELASTIC
FROM TO BNELASTIC N-2N (PO} (Pl)

1 1 1.23713 « 00000 5.6421% 1.58886

L 2 «00000 «00000 » 00000 «00000
GKOUP SIGTR SIGR SIGA NUSIGF SOURCE

1 663000 1443959 1443959 3461426 1.00000

Figure 10cs Uranium-235, 1 Fas% Group, Chain 2

TOTAL ‘
TRANSFER

6487927
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WA

JOB OLC BARNYARD,

PURE URANIUM-235

3 FAST GROUPS

CHAIN 1

"
2%

FEB+1967

THE SOURCE USED 15 U235 FISSION (CRANBERG SPECTRUM).

SYSTEM TEMPERATURE 1S 293,0 KELVIN

ATOM FRACTIONS ARE

URANIUM 235

GROUP LETHARGY

«50
106
1,50
200
2650
3.00
500
8,00
12.00
16,00

ODVONOVMEPEWN-

[

1,00000000

ENERGYs EV

5e0653E+06
3.6788E+06
202313E+06
143534E+06
842085E+05
4e49787TE+05
64 T379E+04
363546E+03
6¢1442E+01
1.1254E+00

AGE TO INDIUM RESONANCE (1.46EV)

Is

SOURCE

2,3023E-02
1.0824E-01
2,1044E-01
243139E-01
1.8048€E-01
1l.1483E-01
142439E-01
742094E~03

+0000E+00

+0000E+00

FLUX

RELATIVE GROUF
JUNIT U

63595E400
3e¢3570E+0L
646729E+01
B8¢9339E+01
1.0000E+02
9¢9793E+0)1
6664T2E+01
4e7531E+00
3.8288E-03
8+0036E-08

1.9578E+01 CM2

Figure lla: Uranium-235, 3 Fast Groups, Chain 1
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Figure 1lb: Uranium-235, 3 Fast Groups, Flux Plot
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JOB OCLD BARNYARD CHAIN 22

QUTPUT WILL BE FOR 3
THE BOUNDARY FINE GROUPS ARE 3

NUCLIDE IS URANIUM 235

THE TOTAL NUMEER OF BROAD GROUFPS IS 3
BROAD GROUPS

6 11 12

ITS NUMBER DENSITY IS 4.7900E~02 PER BARN-CM

MICROSCOPIC CR0SS SECTIONSs IN BARNSs FOLLOW.
SCATTER ELASTIC
FROM TO INELASTIC N-2N {PO)
1 1 «05410 «00000 4476586
1 2 1617413 +000006 «02081
1 3 «70041 +00000 +« 00000
1 4 «00000 « 00000 +« 00000
2 2 e 44240 «00009 4407620
2 3 097542 « 00060 «01892
2 4 « 00000 «00000C + 00000
3 3 +«80920 +00000 7.47117
3 4 +00000 00000 « 00000
GROUP SIGTR SIGR SIGA NUSIGF
1 4457927 3,18334 128798 3091628
2 5026345 2425088 125654 3426017
3 8,71479 1.67426 1.67426 3.858258
FPigure 1lc: Uranium-235, 3 Past Groups, Chain 2

ELASTIC
{(P1)

4403780
-e61377
«00000
«00000
1457196
-e06592
«00000
1.23983
«00000

SOURCE
34170
52670
13160

TOTAL
TRANSFER

4481996
1.19494
¢ 70041
+«00000
4451861
099434
«00000
8428037
+00000
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JOB QLD BARNYARDes CHAIN 1

NETF CORE (AN MTR TYPE REACTOR)}

THE SOURCE USED 1S U235 FISSION

SYSTEM TEMPERATURE IS
ATOM FRACTIONS ARE

HYDROGEN
OXYGEN
ALUMINUM
URANTIUM 235
URANIUM 238

GROUP LETHARGY
1 50
2 1.00
3 1450
4 2400
5 2450
6 3.00
7 5¢00
8 8.00
9 1200
10 16,00
11 17.00
12 1750
13 18.00
14 1€e50
15 19.00
16 19.50
17 2000

18 2350
19 21.00
20 2150
21 2200
22 22450
23 23.00

293,0 KELVIN

248160826
024079822
¢ 27604967
«00139125
«00015263

ENERGY, EV

6+0653E+06
346738BE+06
202313E+06
1e¢3534E406
8.20852+05
4.9787E+05
6e7379E+04
3¢3546E+03
601442E+01
11254E+00
4+.1399E-01
2.5110E-01
1.5230E-01
9¢2374E-02
5«6028E-02
3¢3983E-02
240612E-02
1.2502E-02
T5826E-03
445991€-03
2.7895£-03
1.6919E-03
1.0262E-03

AGE TO INDIUM RESONANCE (1e446EV)
AGE TO ARBITRARY THERMAL (1e12EV) IS
THERMAL DIFFUSIOM LENGTH SQUARED IS
TOTAL MIGRATION AREA IS

MOST PROBABLE THERMAL NEUTROMN VELOCITY
AVERAGE THERMAL NEUTRON VELOCITY IS
ABSORFTION PARAMETER IS

STATTERINS PER RESONANCE ATOM IS
EFFECTIVE RESONANCE INTEGRAL IS

Pigure ila:s

1 FAST GROUP

{ CRANBERG SPECTRUM).

SOURCE

2.3023E-02
1.0824E-01
2+1044E-01
2,3139£-01
1.8048E-01
1,1483E-01
1,2439E-01
T42094E-03
+0000E+00
«0000E+0Q0
«0000E+00
+0000E+00
«0000E+0Q0
+00C0E+00
«D0COE+0C
«0000E+00
+«(000E+00
+«0000E+00
«0000E+00
«N000E+00
«0000E+00
+0000E+00
«CO00E+00

21 FEB»

1967

RELATIVE GROU®
FLUXe /JUNIT U

103110E+01
5+.0607E+01
1.0000E+02
9.9896E+01
8¢6102E+01
742588E+01
3+8833E+01
2.06045"*01
1.8118E+01
1.7140E+01
147765E+401
1e¢9334E+01
2+5553E+401
3.5858E+01
3.6817E+01
246404E+01
1e45867E+01
6.8143E+00
2s8722E+00
1.1384E+00
443532E-01
1.6308€E-01
6+0405E~02

6e3752E+01 CM2

NETF, 1 Fast Group, Chain 1

63939E+01
3.1354E+00
64 7075E+01
2.8887E+03
1.6731E+03
1e0226E+00
6¢9315€E+C4
245056E+402

cM2
CM2
CM2
M/SEC
M/SEC

EARNS
BARNS
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IN FLUX PER UNIT LETHARGY VERSUS LETHARGYs FOLLOWS.

PLOT OF SPECTRUM,
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Figure 12b: NETPF, 1 Fast Group, Plux Plot
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JO8 0O!L.D BARNYARD CHAIN 22
THE TOTAL NUMBER OF BROAD GROUPS IS 2
QUTPUT WILL BE FOR 2 BROAD GROUPS
THE BOUNDARY FINE GROUPS ARE 11 12
NUCI.IDE IS HYDROGEN

ITS NUMBER OENSITY 15 440713E~02 PER BARN-(M

MICROSCOPIC CROSS SECTIONSs IN BARNS, FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL ;

FROM TO INELASTIC N=-2N (PO) {(P1) TRANSFER -
1 1 « 00000 « 00000 10455896 7.16066 1055896

1 2 «000 0 «00000 66517 29354 «66517 ]

2 2 «00000 «00000 3800000 25.13320 384060060 :

k-

GROUP SIGTR SIGR SIGA NUSIGF SOURCE .9

1 377468 66992 «00475 «00000 1.00000 E

2 13.,06540 «19860 «19860 « 00000 i

NUCLIDE IS OXYGEN

ITS NUMBEP DENSITY IS 240356E£~02 PER BARN-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSsy FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PC) (P1) TRANSFER
1 1 «00116 «G000GC 3e34652 25410 334767
1 2 «00000 «00000 »01311 ~e00393 «01311
¥4 2 «00000 «00000 4420000 «17514 4420000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE

1 3e11666 «015916 «006C5 +00000 100000
2 402606 »00120 «0012C « 00000

Pigure 12¢: NBTF, 1 Fast Group, Chain 2
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NUCLIDE 1S ALl MINUM L
§
i
ITS NUMBER DENSITY IS5 243336E-02 PER BARN-CM :
MICRISCOPIC CROSS SECTIONSs IN BARNSs FOLLOW. !
-
!
SCATTER ELASTIC ELASTIC TOTAL -
FROM TO INELASTIC N-2N (PO) (P1) TRANSFER . %
1 1 005433 «00000 «00010 «00093 «05443 !
1 2 «00000 «00000 «0CGOO «00000 «00000 g
2 2 «00000 «00000 140000 «03444 1440000 |
GROUP SIGTR SIGR SIGA NUSIGF SOURCE :
1 «06197 ¢ 00847 «00847 « 00000 1490000 f
2 1450972 014416 014416 « 00000 ;
§
|
NUCLIDE 1S URANIUM 235 1
1TS NUMBER DENSITY 1S 1.1761E-04 PER BARN-CM i
. i
i
= | MICRUSCOPIC CROSS SECTICHS, IN BARNS, FOLLOW. i
i
- ]
;4 SCATTER ELASTIC ELASTIC TOTAL Ty
K FROM TO INELASTIC N-2N (PO) (P11 TRANSFER '
2 1 1 «80758 «00000 7.81200 1.1975y 8.61957 L
: 1 2 «0C000 « 00000 «00363 ~+00108 «00363
? 2 2 «00000 «00000 1480000 004144 14480000
3 : GROUP SIGTR SIGR SIGA NUSIGF SOURCE
E 1 24¢27599 16485293 1684930 2734165 1400000
S 2 420444080 405068824 405.68824 829.68092
%
: Figure 12d: NuTPF, 1 Past Group, Chain 2, Coatinued
3 4
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NUCLIDE IS URANIUM 238

ITS NUMBER DENSITY IS 142903E-05 PER BARN-IM

MICROSCOPIC CROSS SECTIONS,

IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC
FROM TO INELASTIC N-2N (PO} (P11}
1 1 «95131 «00806 12,89255 1433711
1 2 «00000 «0C000 «00208 -«00063
2 2 +0CGO0 «00000 13.80000 (33864
GROUD SIGTR SIGR SIGA NUSIGF SOURCE
1 21426361 Be74012 8474610 e42161 1.00000
2 1539440 163304 1.63304 « 00000
MAXWELL-BOLTZMAN FACTOR = 14128, AVERAGE X = 1e6717270E+00

Figure 12e:

NETF, 1 Fast Group, Chain 2, Continued

TOTAL
TRANSFER

13.,85997 3
«00208
13480000
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JOB OLD BARNYARDs CHAIM 1

NETF CORE (AN MTR TY?E REACTOR! 2 FAST GROUPS 28 FEB, 1967

THE SOURCE USED IS U235 FISSION (CRANBERG SPECTRUM).
SYSTEM TEMPERATURE IS 293,0 KELVIN

ATOM FRACTIONS ARE

HYDROGEN «48160826
OXYGEN 024079822
ALUMINUM «27604967
URANIUM 235 «00139125
URANIUM 238 «00015263
RELATIVE GROUP :
GROUP LETHARGY ENERGYs EV SOURCE FLUXs /UNIT U
1 50 640653E+06 243023E-02 143110E+01
2 1.00 3.5788E+06 1.0824E-01 540607E+01 .
3 150 242313E+406 2.1044E-~01 1+.0000E+02 ;
4 2400 1e3534E+06 2.3139E-01 9.9896E+01
S 2450 8.2085E+05 1.8048E~-01 806102E+01
6 3.00 449787E+05 1,1483E-01 T¢2588E+01
7 500 673 19E+04 1,2439E-~01 3.8833E+01
8 3.00 3¢3546E+03 7142094E-03 2.0604E+01
9 12.00 6¢1442E+401 +«0000E+00 1.8118E+01 -
10 16400 1.1254E+00 «0000E+00 147140E+01
11 17.00 441399E-01 «0000E+00 1e7765E+01
12 17,50 245110E-01 +«0000E+00 19334E+01 ‘
13 18.0C 1.5230E-01 +«0000E+00 245553E+01 N :
14 18450 9¢2374E-0Z +0000E+00 345858E+01 t
15 19.00 50¢6028E-02 +«0000E+00 3.6817E+01 i
16 19.50 343983E-02 +«0000E+00 246404E+01 j
17 20400 2.0612E-02 «0000E+00 144587E+01 g
18 2050 142502E-02 «0000E+00 6.8143E+00
19 21400 T«5826E-03 «0000E+00 248722E+0C
2C 2150 4¢5991E-03 +«0000E+00 1+41384E+00C
21 22.00C 2¢7895E-03 «0000E+00 443532E~-01
22 2250 1.6919E-03 +0000E+00 16308E-01
23 23.00 1.0262E-03 «0000E+00 6¢0405E-02
AGE TO INDIUM RESONANCE (1446EV) IS 6¢3752E+01 CM2 .
AGE TO ARBITRARY THERMAL (1412EV) IS 6¢3939E+01 (M2
THERMAL DIFFUSION LENGTH SQUARED IS 341354E+00 CM2

TOTAL MIGRATION AREA 1S
MOST PROBABLE THERMAL NEUTRON VELOCITY IS
AVERAGE THERMAL NEUTRON VELOCITY IS
ABSORPTION PARAMETER 1S
SCATTERING PER RESONANCE ATOM IS
EFFECTIVE RESONANCE INTEGRAL IS

Figure 13a: NETF, 2 Fast Groups, Chain 1

€4707T5E401 CM2 - ;
2.888TE+03 M/SEC
3.6731E+03 M/SEC
1.0226E+00

649315E+04 BARNS
2.5056E+G2 BARNS
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! JOB  OLD RARNYARD CHAIN

NUCLIDE IS OXYGEN

ITS NUMBER DENSITY IS 2.

MICROSCOPIC ZROSS SECTIONS,
SCATTER
FROM TO INELASTIC
1 1 «00236
1 2 -030042
1 3 «H06000
2 2 «00000
2 3 « 00000
3 3 «0000¢C
SROUP SIGTR SIGR
] 218157 «12760
2 378305 e 02245
3 4402606 «00120
Figure 13¢: Ni&TF, 2 Fast

22

THE TOTAL NUMBER OF EROAD GROUPS IS 3
QUTPUT wlILL BE #OR 3 BROAD GROUPS
THE BOUNDARY f INF GROUPS ARE 6 11 12
NUCLIDE IS HYDROGEN
ITS NUMBER DENSITY IS 4,0713E-02 PER BARN-CM
MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOW.
SCATTER ELASTIC
FROI. TO INELASTIC N-2N (PO}
1 1 «C0C00 200000 1.82604
1 2 30000 «00000 ls46255
1 3 «C0000C « 00000 «00000
2 2 «3000C +00000 15.74018
2 3 «00000 +G0000 1,13520
3 3 +0000C «00200 38.00000
GROUP SIGTR SIGR SIGA NUSIGF
1 1.10220 1646266 «00000 «00000
2 5467925 114734 «00814 «00000
3 134052540 «15860 «19860 «00000

0356E~-02 PER BARN-CM

IN BARNSs FOLLOW.

ELASTIC
N-2N (PO)
«00000 2444589
«00000 «11264
+«00000 « 00000
«00000 390808
«009000C «07245
«00000 4420000
SIGA NUSIGF
e0i454 «00000
«0G000 «00000
«00120 «00000

@Groups, Chain 2

ELASTIC
(P11}

1.46253
¢ 72397
«00000

1070556
«50273
25412320

SOURCE
« 86840
«13160

ELASTIC
(P1)

«39171
+00257
«00000
215421
-¢00673
«17514

SOURCE
«86840
~13160

sy

TOTAL
TRANSFER

1.82604
1,46266
«00000
15.74018
1.13920
38.,00000

[N AT

Rt

TOTAL
TRANSFER

2444825
«11306
«00G00

3.90808
«02245

4420000
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NUCLIDE I35 ALUMINUM

ITS NUMBER DENSITY [S5S 243336E-02 PER BARN-CM

; MICRNSCOPIC CROSS SECTIONSy IN BARNSs FOLLOW.
PR
SCATTER ELASTIC
FROM TO INELASTIC - 2N (PO!
1 1 13057 « 00000 « 00024
1 2 «00000 « 00000 « 00000
1 3 «00000 «00000 « 00000
2 2 (0000 «00000C + 00000
2 3 «30000 «00000 « 00000
3 2 «N00O00 + 00000 1.40000
GROUP SIGTR SIGR SIGA NUSIGF
1 «13.:89 00432 « 00432 «00000
2 «01143 «01143 e01143 «00000
3 1.50972 «14416 e14416 « 00000

NUCLTDE IS URANIUM 235

ITS NUMBER DENSITY IS 1.1761E-04 PER BARN-CM

MICROSCOPIC CROSS SECTIONS»

IN BARNSs FOLLOW,.

SCATTER
FROM TO INELASTIC
1 1 77234
1 2 +85655
1 3 «00000
2 2 «22226
2 3 »00000
3 3 «00000
GROUP SIGTR SIGR
1 4495087 2414068
2 38.04826 27495452
3 420444680 405.68824
Pigure 134,

ELASTIC
N-2N (PO}
«00000 4431206
« 00000 « 00884
«00000 «00000
«00000 10.29996
«00000 « 00621
«00000 14.80000
SIGA NUSIGF
1427528 3455094
27494830 44429636
405468824 829468092

NETP, 2 Past Groups, Chain 2 Continued

ELASTIC
(P1)

«00224
« 00000
« 00000
«00000
«00G00
003444

SOURCE
« 86840
213160

ELASTIC
(P1)

2430494
-003074
«00000
«43032
-+00184
«04144

SOURCE
« 86840
«13160

TOTAL
TRANSFER

«13081
«00000
«00000
+«00000
«00000
1.40000

TOTAL
TRANSFER

5408440
86540
«00000

10652222
«00621
14.80000
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NUCLINE IS URANIUM 2138

ITS NUMBER DENSITY IS 142903E-05 PER BARN-CM

MICROSCOPIC CINSS SFCTIONS, IN RARNSs FOLLOW.

SCATTER ELASTIC ELASTIC
FROM TG INELAST1C N-2N (PO) (Pl)

1 1 103487 «01530 4095878 2444602

1 2 1.06085 «00406 «01103 «01275

1 3 « 00000 «00000 « 00300 «00000

2 2 «13572 «00000 18.53853 53775

2 3 « 00000 « 00300 « 00356 -e00107

3 3 00000 «0D0000 13,80000 «03864
GROUP SIGTR SIGR SIGA NUSIGF SOURCE

1 503425 146857 «40793 «96514 «86840

2 32482964 14469155 14.6883¢ «00000 «13160

3 15439440 1463304 163304 +00000
MAXVWEFLL-BOLTZMAN FACTOR = 1.128, AVERAGE X = 146717270E+00

Pigure 13e: NETF, 2 Fast Groups, Chain 2 Continued

TOTAL
TRANSFER

6402445
1.08000
+00000
1867436
«00356
13480000
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Y JOB OLD BARNYARD» CHAIN 1

AFIT SUBCRITICAL REACTOR CORE 1 FAST GROuUP

THE SOURCE USED 1S U235 FISSION (CRANBERG SPECTRUM).
SYSTEM TEMPERATURE IS 293.0 KELVIN

ATOM FRACTIONS ARE

HYDROGEN «46238076
OXYGEN .23119038
ALUMINUM «08513929
URANIUM 235 «00161649
URANIUM 238 022934297
RELATIVE GROYP
GROUP LETHARGY ENERGYs EV SOURCE FLUXs /UNIT U
1 «50 6+0653E+06 2.3023€E-02 9.4603E+00
] 2 1.00 3.6788E+06 1.0824E-01 442270E+01
4 3 1e50 2.2313E+06 2.1044E-01 B44042E+01
; 4 2400 143534E+06 2.31397-01 9.3733E+01
1 5 2.50 842085E+05 1.8048E-01 140000E+02
6 3.00 449787E+05 141483E-01 949286E+02
7 5400 6¢7379E+04 1,243%E-01 6+0211E+01
] 8 8,00 343546E+03 7.2094E~03 3.1922E+01
9 12,00 6¢1442E+01 «0000E+00 2¢6493E+01
10 16600 1¢1254E400 +0000E+00 147623E+01
; 11 1700 441399E-01 «000CE+00 1.8736E+01
3 12 17,50 245110€-01 «0000E+00 241139E+01
13 18,00 1.5230E-01 +«0000E+00 3.3059E+01
: 14 18,50 9¢2374E-02 «0000E+00 5¢8141E+01
15 15,00 5.6028E~02 «0000E+00 6¢8442E401
16 19.5C 3,3983E-02 «0000F+00 5.3053£401
17 2000 240612E-02 «0000E+00 3.0782E+01
18 20450 162502E-02 «0000E+00 1e4872E+01
19 21.00 7¢5826E-03 «0000E+00 6+4232E+00
20 21.50 445991E-03 «0000E+00 2.5928E+00
21 22.00 2.7895€-03 «0000E+00 140053£+00
22 22,50 146919E-02 «0000E+00 3.8067€E~-01
23 23,00 1.0262E-03 «0000E+00 le4218E-~01
AGE TO INDIUM RESONANCE (1.46EV) IS 2.9947E+01 CM2
AGE TO ARBITRARY THERMAL (1.12EV) IS 3.0004E+01 CM2
THERMAL DIFFUSION LENGTH SQUARED 1S 1.8123E400 CM2
TOTAL MIGRATION AREA IS 301817E+01 CM2
MOST PROPABLE THERMAL NEUTRON VELOCITY !S

205493E403 M/SEC
342063E+03 M/SEC
5,8382€-01

AVERAGE THERMAL NEUTRON VELOCITY IS
ABSORPT*CN PARAMETER IS

SCATTERING PER RESONANCE ATOM 1S 7+6640E+01 BARNS
EFFECTIVE RESONANCE INTEGRAL IS 240765E+01 BARNS

Figure l4as AFIT Suberit., 1 Fast Group, Chain 1
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Pigure 14b: AFIT Suberit., 1 Fast Group, Plux Plot ;
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JOB  OLD ARARNYARD CHAIN ?2Z
THE TOTAL NUMBER OF BROAD GROUPS IS 2
QUTOUT wILL BE FOR 2 BRCAD GROUPS
THE CUNDARY FINE GRCUPS ARE 11 12
NUCLIDE IS HYDROGEN

TS NUMBER DENSITY IS 3.5040E-02 PER BARN-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL
FROM 10 INELASTIC N-2N (PO) (Pl TRANSFER
1 i «0G000 +00000 11444837 172347 11444837
1 2 «000C0 «00000 «55438 ¢24351 «55438
2 2 « 00000 «0000¢C 38.00000 2513320 38.00000
GROUP SIG™R SIGR SIGA NUSIGF SOURCE

1 4403072 +55834 «00396 «00000 l.00000
2 13409431 «22751 «22751 «00000

NUCLIDE IS CXYGEN

ITS NUMBER DENSITY IS 1.7520E-02 PER BARN-CM

MICROSCCRIC CROSS SECTIONSs IN BARNSes FOLLCW.

SCATTER ELASTIC ELASTIC TOTAL
FROIY TO INELASTIC N-2N (PO) (P1) TRANSFER
1 ! «G00538 30000 3452317 «24283 3452385
1 2 «00¢co0 «00000 «01084 -e¢00325 «01084
2 2 «00060 «00000 4.20000 «17514 4420000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE

1 2.29896 «01469 «00385 «00000 1.00000
2 4a02623 «00137 «00137 «00000

Figure l4c: AFIT Suberit., 1 Fast Broup, Chain 2
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NUCLIDE IS ALUMEINUM

ITS NUMBER DENSITY 5 644520€-03 PER BARN~-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC
FROM 7O INELASTIC N-2h (PO) tP11
1 1 «04298 « 00000 « 00006 +«00455
1 2 « (300G «0000C «0G22CH «00002
2 2 0020 «00G620 1440000 «03444
GROUC SIGTR SIGR SIGA NUSIGF SOURCE
1 «05N48 «00800 0300 « 2000 1.00009
2 1.53071 +16515 «16515 «0000C

NUCLIDE IS uRANIuUM 235

I7S NUMBER DENSITY 13 142250£-04 PER BARN-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOWe

SCATTER ZLASTIC ELASTIC
FROM TO INELASTIC N-2N (PO} 1)
1 1 ¢ 7C796 « 00000 £«06126 1404386
1 2 « 5000 «0CC00 «20300 ~+00089
2 2 +035000 206000 14.80000 04144
GROLP SIGTR SIGR SiGA NUSIGF SCURCE
1 23428539 15455915 1555615 25234965 100000

2 479451266 4644.7541C 464072410 950607766

Pigure i4d: AFIT Suberat., 1 Fast Group, Chain 2, Continued

TOTAL
TRANSFER

« 04303
«00000
1.40000

TOTAL
TRANSFER

8,76924
a00309
14,30000
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NUCLIDE IS URANIUM 238

ITS NUMBER DENSITY IS 147380E-02 PER BARN-CM

MICROSCOPIC CROSS SECTIONSs IN BARNSy FOLLOW.
SCATTER ELASTIC ELASTIC
FROM TO INELASTIC N-2N (PO) (P1)
1 1 « 77921 «00474 13.38083 1419954
1 2 «00000 «0000C0 «00172 -«00052
2 2 «30000 «00000 13480000 e03864
GFOUP SIGTR SIGR SIGA NUSIGF SOURCE
1 1377623 «80574 «80875 «28073 100000
2 15.63216 187080 1.87080 «00000
MAXWELL-BOLTZMAN FACTOR = 14128, AVERAGE X = 144592663E+00

Pigure l4e: APIT Suberit., 1 Past Group, GChain 2, Continued

TOTAL
TRANSFER

144156952
000172
13.,80000
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JOB OLD BARNYARUs (HAIN ]

AFIT SUBCRITICA:.. REACTOR CORE

2 FAST GROUPS

THE SQURCE USED IS U235 FISSION (CRANBERG SPECTRUM) .«

SYSTEM TEMPERATURE IS 293.0 KELVIN

ATOM FRACTIONS ARE

HYDROGEN
OXYGEN
ALUMINUM
URANIUM 23%
URANIUM 238

GROUP LETHARGY
1 50
2 1.00
3 1450
4 2.00
5 2450
6 3.00
7 500
f 8.00
9 12.00

ic 16.00
11 17.00C
12 17.50
13 18,00
14 18450
15 19.00
16 19450
17 20.00
18 20.50
19 2100
20 21450
21 22.00
22 22450
23 23,00

«46238076
¢23119038
«08513929
«00161649
022934297

ENERGYs EV

6+0653E+05
3.6788E+06
2.2313E+06
1¢3534E+06
842085E+05
449787E+05
60 7379E+04
343546E+03
6e1442E+01
1e1254E+00
441399E-01
2.5110E-01
1¢523CE~0?
942374E~02
5.6%285~02
3.3983E~02
2.0612E-02
142502E-02
7.5826E-03
44599 E~03
2.7895E-03
1.6919E-03
1.0262€~03

AGE TO INDIUM RESOMANCE (1l.46EV)

AGE TO ARBITRARY THERMAL (1l.12EV}
THERMAL DIFFUSION LENGTH SOQUARED IS

TOTAL MIGRATION AREA IS

MOST PROBABLE THERMAL NEUTRCN VELOCITY
AVERAGE TAERMAL NEU'TRON VELOCITY 1S

ABSORPTION PARAMETER IS
SCATTERING PER RESONANCE ATOM IS

EFFECTIVZ RESONANCE

INTEGRAL 15

SOURCE

243023E-02
1.0824E-01
2e1044E-V1
2¢3139€-901
1,8048E-01
1.1483E-01
lod‘039t"01
742094E-02
«C000E+00
«0000QE+00
«000CE+00
+0000E+DD
«0000E+00
«0000E+09D
+«9000E+00
«0000E+00
+«0000£+0C
«00CCE+OC
«0000E+09
«HONCE+OO
+0000E+00
«0000E+00
+«+00COE+D0

FLUX

RELATIVE GROUP
JUNIT U

9.4603E+00C
4-~22T7T0E401
Ne4DGZE+C]
9¢3733E+01
1.0000E+02
9.3286E+01
6e¢0211E+01
3.1922€+01
246493E+01
1le76225+01
1.8736€E+01
20113%9E+01
3¢3059E+01
5¢8141F+01
6e¢8442E4+01
Se¢2053E+01
3.0/82E+01
1e4872E+01
€«423ZE+00
2¢5928E+00
1+ G0S53E+00
3,8067e~-01
le4216E-01

2+994T7E4+01 CM2
3¢4QUO4E+01 CM2
1.8123E+00 CM2
3.1817E+01 CM2
IS 245493E£4+03 M/SEC
3.2063E+03 M/SEC
5.8382£-01
7«6640E+01 BARNS
240765E+G1 BARNS

Figure 15a: AFIT Suberit., 2 FPast Groups, Chain 1

60

Lt ]

J.abxmmu.’/‘ Lo




3
o O......G.....‘.CO.-».....................Q..'....
(o]
o
-~y
[ ] N
v 1
S 3
C
I
s}
1w
(=]
* O ....O.............'...0...............Q.Q...l...
> ~ 4
0 o
o
<
T
- >
[y X
.J »
x x
%]
D x x
vy X X X X
o x
w x x X
> 2 X X K X XX I X XX X X X X X XX X X
> x
(L]
24
< o ...............Q............'b'..O...............
I — » 4
[
w
- x
"—
—
4 k4 3
D
[+ 4
w x
o
x
) x
J 1
[I'
Z —t .‘.OOXQOO...l.l.‘..............O.Q...0....0.....
>—
L J
x x
>
o
[
v
w »
Q
[P
w *
o
ol -t
(e} Nk TN T S N A Y T AN N NN N N AN NN N A A TR TN NN NN N NN TR TN TR TN TR TN AN TN TN TN NN SN (N NN TN [N TR SN SO T N U
_t - M (3] - o o w ™~ 0 [Ta) 3 «© N
O e N o~ o o~ — — — - — — ~ —
Figure 15b: AFIT Suberit., 2 Fast Groups, Flux FPlot ]
¢
1
e 4

|



® 06 6 & & 0 & ¢ 0 0 0 0 O 5 o

® & & 6 & ¢ & 0 0 6 6 0 0 0 0

X X X X X

3 XX XX XXX XK X X XWX XX

€ & & & & & & & & 5 0 & &6 9 & 0 & 0 s 0o O s 6 0 s

® 6 &6 &6 & O & 5 5 5 6 O ¢ O b 0 0

¢© o 0 ¢ 0 0 0 0 o XXXX

X X X X X X X

2 X 2 X X X X XK X XX X

o o
x X

» X

® 5 6 0 6 & 5 € O 00 ¢ O P O O O 3 0O S O 0 s 0 e 0 s s e e e 0 0 0XXKX

® 6 © 6 & 0 06 8 0 ¢ & O O P S O ¢ O " O O O S 0 OGO PO S e O S OSSO O s OO S O G 0 O 00

1000

100

o
~

61

a




JOB OLD BARNYARD CHAIN 22

THE TOTAL NUMBER OF BROAD GRCUPS IS

OUTPUT WILL BE FOR 3

THE BOUNDARY FINE GROUPS ARE

NUCLIDE IS HYDROGEN

ITS NUMBER DENSITY

MICRO3COPIC CROSS SECTIONSS

BROAD GROUPS
6 11 12

3

IS 3.5040E~-02 PER BARN-CM

IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PO) (P1) TRANSFER]
1 1 «00000 «00000 1.79736 1.45938 179736
1 2 «0C000 +00000 173146 «88732 173146
1 3 « 00000 «00600 «00000 «00000 « 00000
2 2 «0000C « 00000 15+60306 1054419 15.60306
2 3 «00000 «00000 «84521 «37127 84521
3 3 « 00000 « 00090 38.00000 25413320 38.00000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 118213 1473147 « 00000 « 00000 «R6840
2 5453885 +85125 00604 «00000 «13160
3 13,09431 22751 22751 « 00000
N. .LIDE IS CXYGEN
ITS NUMBREP DENSITY IS 147520E-0Z2 PER BARN-CM
MICROSCOPIC CROSS SECTIONSs IN BARNS, FOLLOWe
SCATTER ELASTIC ELASTIC TOTAL
FROM TO INELASTIC N-2N (PO (P1) TRANSFER
1 1 «00168 «00000 2456149 41282 256317
1 2 « 00030 «00000 «15174 «00346 «15204
1 3 «092060 «00000 «00000 200000 « 00000
2 2 «00000 « 00000 3.94807 «15183 2,94807
2 3 « 00000 « 00000 «01653 -+00495 «01653
3 2 «00000 «00000 4420000 «17514 4420000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 2431611 16321 01118 « 00000 «B86840
2 3.81772 +01653 « 00000 « 00000 «13160
3 4402623 «C0137 «001327 « 00000
Figure 1l5c¢: AFIT Suberit., 2 Past Groups, Chain 2
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NUCLIDE 1S ALUMINUM
I[TS NUMBER DENSITY 1S 644520E-03 PLR BARN-CM
MICRNSCOPIC CRNOSS SECTIONS, IN BARNSs FOLLOW.
SCATTER ELASTIC ELASTIC TOTAL
FroM TO INELASTIC N-2N {PO) {(P1) TRANSFER
1 1 012489 «00000 «00017 +00159 01250/
1 2 «00000 «00000 « 00000 + 00000 «00000
1 3 +00000 +00000 «00000 +00000 + 00000
2 2 «00000 +00000 «»00000 «00000 «00C00
2 3 «00C00 «00000 «00C00 «00000 «0G000
3 3 « 00000 «0G000 1.40000 «03444 1440000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 12679 «00351 «00331 « 00000 « 86840
2 «01046 «01046 «01046 « 00000 «13160
3 1653071 16515 16515 +00000
NUCLIDE IS URANIUM 235
ITS NUMBER DENSITY IS 142250E-04 PER BARN-CM
MICROSCOPIC CROSS SECTIONSs IN BARNSs FOLLOW.
SCATTER ELASTIC ELASTIC TOTAL
FROM TC INELASTIC N-2N (PO) (p1) TPANSFER
1 1 «69454 « 00000 4428541 2416289 4497995
1 2 + 86875 «000C0 «01191 -+04141 «898066
1 3 «00G00 + 00000 «00000 +00090 « 00000
2 2 024584 +C0200 1003586 47857 10.28571
2 3 «DOLON NoJeletals] e« 00457 -«00136 000457
3 E «00CGT «0030C 14480000 04144 14£,80000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE
1 5602510 2016663 1426798 3447598 « 86840
2 32486496 23405647 23.05189 3¢+B2483 «13160
3 479451266 4644754610 464.,75410 950647764
Figure 15ds ArIT Subcrit., 2 Fast Groups, Cbain 2, Continued
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NJUCLIDE

SCATTER
FROM TO
1 1
1 2
1 3
2 2
2 3
3 3
GROUP
i
2
3

Pigure l1l5e:

IS URANIUM 238

INELAST

«92311
1.05061
«00000
«15256
«00000
« 0003

SIGTR
506187
1834789
1563216

MICROSCOPIC CROSS SECTIONS,

Ic

SIGR

le42467

104302
1.87080

MAXWCLL-BOLTZMAN FACTOR = 1.

IN BARNSs FOLLOW.

ITS NUMBER DENSITY IS 1.7380E-02 PER BARN-CM

ELASTIC ELASTIC
N-2N (PO) {P1)
«01087 504366 2633414
«00289 «01486 «01718
«0C000 «00000 +00000
«00C00 1774682 59531
«000C0 00262 -¢00079
«00000 13.80000 «03864%
SIGA NUSIGF SOURCE
«36719 +81584 «86840
1.04040 « 00000 «13160
1.87080 « 00000
128, AVERAGE X = 1e4592663E+00

AFIT Suberite., 2 Fast Groups,

Chain 2, Continued

TOTAL

TRANSFER

5098852
l.07124
«00000
17.89938
«00262
13.80000

6u

N

- pr -

i o e e f om e

3

Bw o ottty LY




THE

SYSTEM TEMPERATURE

Figure l6a;

JOB OLD BARNYARD,

ROMASKA CORE

SOURCE

ATOM FRACTIONS ARE

CARBON
URANIUM 235
URANIUM 238

GROUP LETHARGY
1 50
2 1.00
3 1650
4 2400
5 2¢50
6 3.00
7 5400
8 8400
9 12.00

10 15.00
11 17.00
12 1750
13 18,00
14 18450
15 19,00
16 19.50
17 20460
18 20650
19 21.00
20 21450
21 22.00
22 2250
23 23400

AGE TO INDIUM RESONANCE
AGE TO ARESITRARY THERMAL

CHAIN 1

UsIn IS U235 FISSION

IS 1273.0 KELVIN

«B86548694
«12213834
«01361218

ENERGYs EV

60653E+06
3.6788E+06
2¢2313E+406
143534E+06
B842035E+05
449787E+05
6e T379FE+04
343546E+403
6el442E+0C1
1¢1254E+400
441399E-01
245110E~-01
145230E-01
942374E-02
5¢6028E-~02
3,3983€-02
2¢0612E-02
1.2502E-02
Te¢5826E-03
4e5991E-03
247885E-03
1.6919E~03
1,0262E-03

{le46EV)

(1412EV)

is
Is

THERMAL DIFFUSION LENGTH SQUARED IS
TOTAL MIGRATION AREA IS

MOST PROPABLF THERMAL NEUTRON VELOCITY

AVERAGE THERMAL NEUTRON VELOCITY IS
ABSORPTION PARAMETER IS

SCATTERING PER RESONANCE ATOM IS
EFFECTIVE RESONANCE INTEGRAL IS

(A DIRECT ENERGY CONVERTER REACTOK)

{CRANBERG SPECTRUM},

1 FAST GROUP

RELATIVE GROUP

SOURCE FLUXs /UNIT U
2¢3023E-02 4 44849E+00
1.,0824E-01 243895E+01
2010‘066"01 508781E+01
243139€E-01 849394E+01
148048E-01 9.1312E+01
1e¢1483E~-01l 9.0867E+01
1,2439E-01 1.0000E402
7¢2094E-03 344544E+01

«0000E+00 6+9175E-02
«0000E+00 9e7373E-07
«0000E+00 1,0213€E-11
+«0000E+00 4.70775-14
+«0000E+00 3.0930E-16
«0000G5+00 2.9839E-18
«0000E+00 442305E-20
«G0OCOE+00 8e6T734E-22
«0000E+00 2¢5074E-23
«0000E+00 9eB9Z264E--25
+0000E+00 5e2209E-26
«O000E+00 3e5424E-27
«0000E+00 30158E-28
«0000E+00 3.1401€E-29
«0000E+00 349066E-30
946172E+01 CM2
945923E+01 CM2
147292E-01 CM2
9.6096E+01 CM2
1S +0000E+00 M/SEC
24155TE+0Q4 M/SEC
2.7659E+02
443363E+02 BARNS
446972E+01 BARNS

Homaska, 1 Fast Group, Chain 1
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Figure 16b: Romaska, 1 Fast Group, Flux Plot
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JOB OLD SARNYARD CHAIN 22

THE TOTAL NUMEZR OF RROAD GROUPS IS 1
OUTPUT WILL BE FOR 1 BROAD GRCUPS
THE BOUNDARY FINE SROUPS ARt 11 12

NUCLIDE 1S CARBON

ITS NUMBER DENSITY IS 669940E-02 PER BARN-CM

MICROSCOPIC CROSS SECTIONS, IN BARNSs FOLLOW.

SCATTER ELASTIC ELASTIC
FROM 7O INELASTIC N-2N (POj (1)

1 1 00211 «0G000 3.51316 «28160

1 2 « 00009 «00G00 « 00000 «00000
GROUP SIGTR SIGR SIGA NUSIGF SOURCE

1 3.23267 « 00000 «00000 «00000 1.00000

NUCLIDE IS URANIUM 235

ITS NUMBER DENSITY IS 9.8700E-03 PER BARN-CM

MICROSCOPIC CRCSS SECTIONSs IN EARNSs FOLLUOW.

SCATTER ELASTIC ELASTIC
FROM 10 INELASTIC N-2N (PO) (P1)

1 1 +944290 « 00500 676122 l.42560

1 2 + 00260 «00000 « 00000 «00000
GROUP S1G1R? SIGR SIGA NUSIGF SOURCE

1 7499061 171077 1.71079 4401466 1.00000

Figure 16c¢: Romaska, 1 Fast 3roup, Chain 2

TOTAL
TRANSFER

3451527
+00000

TOTAL
TRANSFER

T.70542
«00000
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TSR

NUCLIDE IS URANIUM 238
ITS NUMBER DENSITY IS 1.1000E-03 PER BARN-(M

MICROSCOPIC CRCSS SECTIONS, IN BARNSs FOLLOW.
SCATTER ELASTIC ELASTIC
TROM TO INELASTIC N-2N (PO} (P1)

1 1 ¢ 94824 «00285 8409556 1.67050

1 2 « 00000 .00000 « 00000 «00000
GROUP SIGIR SIGR SIGA NUSIGF SOURCE

1 7457219 .19318 «19603 «26603 1400000

Figure 16d: iomaska, 1 Fast Group, Chain 2, Continuved

TOTAL
TRANSFER

9.,04950
00000
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THE SOURCE USED IS U235 FISSION

SYS

JOB OLD BARNYARDs (HAIN 1

KOMASKA CORE (A DIREC

TEM TEMPERATURE IS 1273.0 KELVIN

ATOM FRACTIONS ARE

GRO

[ S ]
VN O YO IO S WN -

N et bt b s bt
[ Ve o BEN R e JUN LR o

N NN
(SR8

CARBON
URANIUM 235
URANIUM Zz38

up LE THARGY ENERGYs EV
«50 6+0653E406
1.00 3.6788E+06
1450 242313E+06
200 1¢3534E+06
250 8.2085E+05
200 44978B7E+05
5+00 6. 7379E+04
8.00 3.3546E+03
12.00 He1442E4+D]
15,00 1e1254E+00
17200 441399E-01
17457 245110E-01
18.00 1.5230E“01
18.50 942374E-02
19.00 506028E-902
13590 303983E-02
20-00 200612E—02
20450 1l42502E-02
21.00 745826E-03
21450 4¢5991E~-03
2200 2¢7895£~03
22.50 106919E‘03
23.00 1.0262€-~-03
AGE TO INDIUM RESONANCE f1.46EV)
AGE TO ARBITRARY THERMAL (1.12EV)
THERMAL DIFFUSION '.ENGTH SQUARED IS
TOTAL MIGRATION AF:A IS
MOST PROBABLE THERMAL I.EUTRON VELOCITY
AVERAGE THERMAL NEUTRON VELOZITY IS
ABSORPTION PARAMETER 1S
SCATTERING PER RESONANCE ATOM IS
EFFECTIVE RESONANCE INTEGRAL Is
Figure 17a: Romaska, 3 Fast Group, Chein 1

«86548694
12213834
01361218

13

IS

ENERGY CONVERTER REACTOR)

{CRANBERG SPECTRUM).

3 FAST GRoOuP

RELATIVE GROUP

SOURCE FLUXs /UNIT U
243023E-02 444849E+00
1.0824E~G1 243895E+01
241044E-01 5¢8781E+01
2.3139E“°1 8.939“E+01
1.8048E~01 9.1312E+01
141483E-01 940867E+01
142439E-01 1.0000E+02
7¢2094E-03 3¢4544E+01

«GOOCE+00 649175E-02
«0000E+CO 97373E--07
«0C00E+00 le02135-11
«0000E+Q0 4e70771Z-14
«0000E+00 3.0930£-16
«0000E+00 249839¢£-~-18
«0000E+00 442305E-20
«0000E+00 8e6734E-22
+0000E+00 2¢5074E-23
«0000E+00 9e9264E-25
«0000E+00 5e2209E-26
«0000E+00 3e5424E-27
«0000E+00 3.0158E-28
«0000E+00 341401E-29
«0000£+00 349066E-30
9e6172E+01 CM2
9¢5923E+01 CM2Z
1¢7292E-01 CM2
9 6096E+01 (M2
«000DE+00 M/SEC
2+1557E+Q4 M/SEC
24 7659E402
4¢3363E+02 BARNS
4e6972E+0]1 BARNS
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FOLLOWS.

IN FLUX PER UNIT LETHARGY VERSUS LETHARGY»

PLOT OF SPECTRUM,
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Figure 17bs Romaska, 3 Fast Groups, Flux rlot

JAddJdJd S ddJdedoddddddddIa0Bd
[ T U N T N N N SO SN N DR R R A I L U T O I |
~ O Byl 3 o« o~
~ - —~ — — —

]

® & ® 6 ¢ & & 0 5 & & > & 6 & & 0 & & o s % 2 s 0 o

® € & & @ & ¢ & & 6 0 0 9 o T S O & b s 0 ¢ ¢ & ¢ o0

® @ ¢ & ¢ & & o & 6 & 5 6 O * S o O O ¢ & & o P ¢ »

A

A




@ 6 & ¢ & & ¢ 0 6 ¢ P O o

Iy

® & & & 0 ¢ O 06 O O 0 0 S S O 0 O O O O OO G O OO 0 0 " OO 0 e e 0

Q
® 0 8 0 0 0 0 0 0 0 0 0 AHNXNINNNKIINW O 6 06 06 06 06 06 0606 06 00 ¢ O
X X X X X X ~
x X
XX XX XK XX X XXM X X
x X
® & 0 0 00 02 00 0 0 2 0 P 0 00 0L e e e T O 0O s s s e " 006 e O
—

® 6 © 6 & 5 & 9 O » S & O p B S C " O P T O O S OO

13-L

-L
-L
-L

12~-L

-L
-L
-L

11-L

~L
-L

10-L

~L
-]

-L
9-L

-L
-L
-L
8~-L

1000

® & ¢ 6 0 & ¢ & 0 0 0 O D O G O O O A O O O 0" O O B S

6
5
4
3
2
1
0-
o1

70




JOB

OLC BARNYARD CHAIN 22

THE TOTAL NUMBER OF BROAD GROUPS IS
OUTPUT WILL BE FOR 3
THE BQUNDARY FINE GROUPS ARE 2 6 11 12

NUCLIDE IS CARBON

BROAD GROUPS

3

ITS NUMBEF DENSITY 1S 649940E-02 PER BARN~CM

MICRDSCOPIC CROSS SECTIONS,

SCATTER
FROM TO

W W NN N s e s e
S WEHEVLWNEWND -

NUCLIDE IS URANIUM 235

INELASTIC

«00808
«01226
«00306
«00009
«00000
«C0000
« 20000
«GC000
«00000

SIGTIR
1.62804
226286
3.89767

SIGR
«42686
31718
+«00000

IN BARNSs FOLLOW,

N-2N

«00000
«00900
«G0C00
«00000
«00000
+« 00000
« 00000
« 00009
«00000

ELASTIC
(PO}

1.30261
«41154
« 00000
« 00000

2424744
31718
+00000

4419494
« 00000

SIGA NUSIGF

« 00000 « 00000
+00000 « 00000
+G0000 « 00000

ITS NUMBER DENSITY IS 9.8700E-03 PER BARN-CM

MICROSCOPIC CRCSS SECTIONSs IN BARNS, FOLLOW.

SCATTER

FROM TO INELASTIC
1 1 «05023
1 2 1416352
1 3 «71014
1 4 «00000
2 2 ¢45118
2 3 «97199
2 4 +00000
3 3 «58971
3 4 «00000

Figure 17c:

N-2N

«00000
«00000
«000CO
«00000
«00000
+00000
«00000
«00009
+« 00000

ELASTIC
(PO}

4475120
«02243
« 0000
« 00000

4,07086
«01834
« 00000

8424010
« 00000

Homaska, 3 Fast Groups, Chain 2

ELASTIC
(P1)

28939
~e1°988
«00000
«00000
«38214
-e08037
«00000
029727
«00000

SOURCE
«34170
«52670
«13160

ELASTIC
(P1)

4402975
~e66161
+00000
«00000
1457852
—e06391
«00000
le10727
«00000

TOTAL
TRANSFER

1+31069
042379
+ 00306
+00000
2424744
31718
« 00000
4419494
00000

TOTAL
TRANSFER

4480143
118596
«71014
«00000
4452204
099034
« 00000
8,82980
» 00000

71

. e g e -

endtpdibd




SIGTR SIGR

1 4461893 3418565

2 525574 2424831

3 9.69603 1.9735)1
NUCLIDE IS URANIUM 238

SIGA NUSIGF
1428955 3.89875
1625797 Je26821
1497351 4436480

ITS NUMBER DENSITY IS 1.1000E-03 PER BARN~CM

MICROSCOPIC CROSS SECTIONS,
SCATTER
FROM 7O INELASTIC
1 1 «06161
1 2 1e54761
1 3 «96850
1 4 «00000
2 2 «61045
2 3 1.09910
2 4 «000C0
3 3 37443
3 4 «00000
GROUP SIGTR SIGR
1 4460208 3417380
2 5631470 137928
3 930674 10969

IN BARNSs FOLLOW,

N-2N

«00339
02155
«00665
«00000
00000
«00000
+«000CO
+C0000
«00000

SiG
«60728
«25730
«10969

ELASTIC
(PO}

4452201
« 02559
« 00000
«00000

529216
+02288
+00000

9484668
«00000

A NUSIGF
171666
«39585

« 00000

SOURCE
«34170
«52670
«13160

ELASTIC
(P1)

3.86047
-e69836
« 00000
« 00000
1494066
002651
«000090
1432406
«00000

SOURCE
«34170
«52670
«13160

Figure 17ds Romaska, 3 Fast Groups, Chain 2, Continued

TOTAL
TRANSFER

4459039
le61630
+98180
«00000
5.90260
1,12198
« 00000
10022111
«00¢C00
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V. The Calculation of Cross Sections and Related Constants

In this section the equations and mathematical expressions used
for the important calculations in the code will be developed. After
a brief discussion of flux weighting, the theoretical methods for pre-
dicting the energy dependent flux will be described. This theory con-
sists of two major subdivisions, that for epithermal, or above thermal,
energies, and that for thermal energies. Finally, the methods used to
calculate group cross sections, both epithermal and thermal, will be

presented.

Flux Weighting

The microscopic neutron cross section, represented by the symbol

0, can be defined a- the probability, measured in cross sectional area
{barns), that a neutron will interact with a nucleus in a specified
manner. The macroscor : cross section ¥, is defined as

L = Na (1)
where N is the number of nuclei per em®. Thus, the macroscopic cross
section is a measure of the probanility that a neutron will interact
with a nucleus per centimeter of path. If a material of macroscopic
cross section £ is also populated by a neutron density n (onl/cms)
all with constant velocity v (cm/sec), then the reaction rate R
(events/cm® - sec) is

R = Zp+ (2)
The product nv in equation (2) is defined as the neutron flux,
neutrons per cm® per sec.

However, the neutron cross section is not a constant; rather, it
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is a funct_on of energy. Therefore, the reaction

ate in the

of polyenergetic neutrons becomes

R =S (E)» (F)dE (3)
O . .

where ©(E) is the energy dependent neutron flux, n(E)v(E), and where

E is the energy. The total flux is, by definition

(o]

? =30 0 (E)dE (L)
In terms o. is total flux, ¢, the reaction rate can be written
R=%o0 (5)

vhere £ is some average macroscopic cross section over the energy

range of interest. It'follows, by equating the right hand sides of
equations (3) and (5), that this average cross section must be given

Ly .
S £(E) ¢ (E)dE
-— 0

(o]

So ©(E)dE (6)
or, in other words, the average cross section is a flux weighted
average of the energy dependent cross section. Of course a similar
expression to Eq {6) can be written in terms of the microscopic cross

section, i.e.,

S 5(E)© (E)dE
(o]

= K3 (7)
\ ¢ (E)dE
Jo

9

Equation 6 can be generalized to any energy range (limits on the
integral), say E, to E, in order to produce an average cress section
applicable to that energy range. Such averages are called energy

group cross sections, and may be expressed as

'

el e aa e

N

e

B h-a




Ey
S- L(E)e (Z)dE

= =~ (8)
S _ (E)dE

where £, is the group cross section of the nth energy group
E, is the lower energy boundary of the nth group

Es is the upper energy boundary of the nth group.

Thus, in onden to determine group cross sections the variation
of neuthon ffux with energy must be kaown. The catculation necessary
Lo detenmine the enengy dependent §fux fan exceeds the calculation
necesdany to detewmine group cross sections from equation {8) above.
In this code all of Chain I is devoted to the calculation of energy
dependent flux. The shorter Chain II utilizes th.s flux to calculate
group cross sections.

The flux calculaticns performed in Chain I are in solution to the
energy dependent, Boltzmann transport equaticn under very limiting
assumptions and highly idealized boundary conditions. These assump-
tions and limitaticns are imposed for the sole purpose of obtaining
a usable solution. To attempt a solution for energy dependsnt flux
without such limitations would involve (for our purposes) a prohibi-
tive amount of calculation. In addition the Boltzmann aquation is to
be applied, in this code, to two very different sitvations, the above
thermal energy region where target nuclei kinetic energies or veloci-
ties are negligible with respect to the neutron velocities, and the
thermal region where the velocities of the target nuclei are not negli-

gible with respect to the neutron velocities. These two situations
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require diff'arent assumptions and houndary conditions and hence

oo

if-
' co ferent solutions to the Boltzmann equation. As {t wifl be seen the
( zbove thenmal, energy dependent glux s detenwmined by the method of
moments whife the thewmal §Lux 45 detenmined by the method of Wigner
and Wiliins,

In either case we start with the steady state Boltzman. equation

written for an infinite, non-multiplying homogeneous medium® which

scatters and absorbs neutrons.

u o{x,u,t) + Te(u)e (xu,u) = S(x,u,w,

SNy
1

~ ~l1
+3d0’3 du’ Z,(u’)o {x,u’ 1’ )0’ ~u; ) (9N
o

where x is spatial position of the neut)ons,

u is the neutron's lethargy or logarithm of the energy, (Ref
7:1L46),

u oru’ is the cosine of the scalar angle, cosine 2, between the
neutron's direction and the x axis,

Mo is the cosine of the scalar angle, cosine £, through which
a neutron is scattered,

©v(x,u,u) is neutron flux in ,n'/em® - sec-steradian-unit
lethargy

Z¢(u) is the lethargy dependent macroscopic total cross section,
-1
cm

T.(u) is the lethargy dependent macroscopic scatiering cross

section, cm™?!,

d1‘ is the differential solid angle=sin 8d4df = -d(cosB )dd = -dudé

f(u'~u;uy) is the scattering frequency function or probability

#The cross sections v~ be generated by this code will frequently be
applied tc media which are either multipl: ng, hetrogeneous or both
and always to media which arc finite. Without suitable corrections
this can obviously lead to error.
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that a neutron with initial lethargy u’ and direction u’
wil), whan scattered, emerge within a unit lethargy interval
about u and within a unit solid angle about u,

S(x,u,u) is the scurce of neutrons per unit volume, per unit
lethargy, per unit solid angle.

The scattering frequency function and the macroscopic scattering

cross section under the integral in equation (9) are frequently taken
as a product
<o 4

o{u 3 _10) = Z.(u’) £lu’ - u, L‘lo) (10)

where £ (u’,u,) 44 defined as the macroscopic differential scattering
Qnoss section in m'lléteraadjan. The Boltzmann equation then becomes,

u g—:f (x,u,1) + Te(w)o (x,u,1) = S(x,u,u)

'}
+ S dQ’SZ.(u',uo)cp( xu’, 1 Yau’ (11)
0

The two directional coordinates, u,u’ and the cosine scalar angle be-
tween them, Li,, are show: in Figure 18. The cosine angle My -is

relateu tou and 4’ by the law of cosines for a spherical triangle.

Fast Flux Spsctrum and Age

In the energy region where target raclei motion may be neglected
(the epithermal, above-thermal or fast region) the Boltzmann equation
can be most easily solved by assuming that the source is isotropic and

consists of a plarz of infinite area located at the coordinate posi-

tion x = 0, i.e.,

SCeyu,) = 28 g (12)
un

where 8(x) is the Dirac delta function at x -~ 0.
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Figure 18: Neutron Scattering Diagram

With this assunption the method of moments mzy be applied te
find the fast fiux as a function of energy. However, as it will be
seen, the minimum calculation necessary for the flux simultaneously
produces the neutron age as a function of energy. Since this
parameter is of some importance in elementary calculations it is also
tabulated by the code.

The appearance of the cosine of the scaluar scattering angle u,
in the Boltzmann equation, equation (9), immediztely suggests the use

of legendre polynomials. The Legendre polynomials are

Folu) =1
Pl(u) =Uu
Po(u) =% (3u° - 1)
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and in general,

m
[
P (u) = l_S‘ (-1) (2n- 3! ur=34

(13)
2“j';0 jiHn-23)(n- 3!

where m = g if n is even or zero orm = %(r-1) if n is odd.
These polynomials obey the orthonality conditior.:

+1 2 s (l)-l-)
IPn(u)Pa(u)du = on+1l 6,

p¥e TR

where 6: = Kronecker Delta = {0» m # g}

I, m=

Other properties which will be useful are (Ref 12:115)

~2 T 2
|, P = (0P (15)
vo

where § is the plane angle shown in Figure 18, and

n+
Pn+1(u) +

) uPy(u) =
2n+1 e2n+1l

Pg-s(u) (16;

For further information on Legendre polynomials, the reader is ref- 3
erred to Churchill (Ref 3:200-203).

The flux in equation (11) can be expanded in terms of these

Legendre polynomials as

PN ELST)

2n+1

0(x,u, u) =}" 9. (x,0)P, (1) (17)

n=0

Gimilarily, the scattering term may be expressed as

T(ulug) =) 2L 52 Paluo) (18)
m=0

Note that both the indexes m and n are required since the integral

term in equatior (11) involves both the flux and scattering terms.
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By using the orthoganallty condrtion, equation (14), it is also easy
to show that ®yix,u) is the all angie fiux and ©,(x,u) is the net neu-
tron current of diffusion theory. Similarly applying the orthogo-

nality condition to the scattering term results in
£o(u’) = T,(u") (19)

Tiu’) =TT, () (20)
where £,{u’) is all-angle total scattering cross section at lethargy
u’, and U is the average cosine of the angle of scatter in the lauura-
tory system.

The substitution of the source given by equation (12) and of the

expansions (17) and (18) into equation (11) yields

—d

n=0
u -]
+ S dQ'S du'X "Zmﬂ.
0 m=0 L
(21)

If the recurrence relation (16) is used in the first term of (21) and

5‘ { 2n+1 3% (x,u) uP, () + 2ntl Le(u) 0,(x,u) P(u) = §(l)'5(x)
L 3% hw hm

ZiaPae) | [B0uleu )P 0] }

if the integral relationship (15) as well as the orthogonality property

(1k) are applied to the integral term of (21), we obtain

Y {22 ) bl + 0 Py )] +
n=0
(2n*1) To(u)®, (x,u) Py (u) = S(u) 6(x) +
(2n+1) 2,(u) S: du’ Tgu’) o,(x,u’) } (22)

Bjuation (22), a single equation with an infinite number of terms, may
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be transformed into an infinite number of coupled equations, each with
a finite number of terms by employing the orthogonality condition
given by equation (14). This transformation is carried out by opera-

ting on equation (22), term by term, with

+1
. Pl 2Dau, £ =0,,2,.... (23)

The results are:
£ = Q2

U
39; (xpu) 4 5, ©(x,u) = So £s (0') 94(x,u’ )du’ + Sy(u) 6(x)
ox T

= 1:

£
2 3905 (x,u) 3@, (x,u) 1 ,
5 LA At 1 o™ + 2, cpl(x,u) = Bo Zi(u ) wl(X,u')du'

Aax 3 ax
4 =2
~
329s(xu) 2 39: Gow) Ze @2(x;u) =\ TI(u’) a(xm’)du’
5 3x 5 A3x o
. . . . (zh)

If equations (24) are truncated by assuming that ®y4q(x50), 0, (%),

veey t‘pm(x,u) are zero, then a solution of the remaining finite sat is
possible and the result is known as the P, approximation. The index
£ may have any value, e.g. P;. The flux in such an approximation

weuld be found by summing

5
® (x,u,u) = T—?‘%(x,u) Py(u) (25)
£=0

However in this case we are not so much intervsied in the flux,
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w(x,u,u), as we are in the volume, angle integral of the flux, i.e.,

W+

(o) (u) = \ dx \ d? o(x,u, u) (26)

which {8 the basic energy dependence of the §lux, which we seek. FEqua-
tion (26) is merely the Zero moment of the spatial distribution of the

total (all-angle} flux. The higher moments would be
4

5) h)zgjdxgdﬂxﬂ&mu)/gw'Mgdﬂﬂ&mu)

5@) (u) =X dx \) d? x? p(x,u,u) / S dxg dQw(x,u,u)

(27)

For the plane source which we have assumad, it is obvious that the odd

moments S ), ol ), ... must be zero in value.

Although we cannot calculate ®(x,u,u) exactly (a P, calculation),

we can calculate the moments exactly using some prop:zrties of the Four-
-ier integral transform on the spatial variable, i.e., (Ref 18)

+ o .
¥ o, (xu)} - S ®,(x;2) e P ax =9 (p,u) (28)

-3

It can be seen that if equation (28) is written for £ = C and the
special case p = 0, we have exactly the zero moment of equation (26),

i.e.,

(29)

9° (u) = !r% (DU)J
LT oNE p=0

(Recall that <+ ,{x,u) = S o(x,u,Q) d?. )
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Thus we Fourier transform equations (2L) using the properties

(Ref 18)

¥ { acpza(;c,u) } = ip 6(p,u) (30)
and

Flo(x) =1
to obtain

ip 01(psu) + Ze(u) 4o(pyu) = S(u) + X: Z:(u)8o(p,u’)au’  (31)

31 0cimn) + £ 5p 8a(p,u) + Tole) 0,(pyu)

~U
50 T:(u’) 9,(p,u’) du’ (32)

% ip 8,(p,u) + % ip 8.a(p,u) + T4(u) 91(p,u)

~
{

u
30 £3 (u') 8(p,m’)dn’ (33)

We note that tiz transformed P, equations are valid for any ar-
bitrary p. We are, however, interested in the specific point p = 0.
This suggests the use of the Macleurin expansion. The Maclaurin ex-

pansions for 8, (p,u) and 8, (p,u) are chosen as

Y-
9 o(Psu)= 85(u) + (-ip) 8o (u) = (.;1:)"“ 83(u) +.... (3k)
.\ 2
91(pyu)= 85(a) + (~ip) 0 3(n) + 2B

83u) +.... (35)
2!

waere the argument of the Maclaurin expansion is (-ip) rather than P
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for reasons which will become apparent in the discussion on age below.

The primes denoting differentiation in the expa: n have been re-
placed by supercripts. That is

6s * (u) = 93 (u) (36)
Under this notation we note that the zero moment is symbolized

8% =92 (u) (37)

Davison and Sykes {Ref 5:343) show that the n-th moment of the

neutron flux can only involve spherical harmonics of order n or less.
Further, they show that due to the odd-even nature of the functions

involved

n® a 2z
3 X ¢£(x,u)dx £ 0 (38)
- ®
only when both n and f are both even or both odd. Therefore, in the
equations for the secord moment of the flux (to be derived) only
s 65, ... and 9], 8}, ... will be ncn zero. Thus the Maclaurin ex-

pansions become

0 (o) = 33 () + 2B g2 ) + .. (39)
. 3
8, (p,u) = (-ip) 8} (u) + SZEEZ-—.ef(u) + ... (L40)

By substituting equations (39) and (L4O) into the transformed P,
equaticns, equations (31), (32) and (33) and equating like powers of

-ip,we finally obtain the moments equations which are:

(i { o) ) = 5+ {T 5w ) aw' (1)
('ip)l { Z:(u) 911 (u) = :'O (u_)__ + S‘u El_(u/) 8% (u/) dul} (42)
(] J
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(-ip)at T o(u) gg (v) 2 9% (u) + S: Zf(u/) Gg (') au’ } (L3)

(-ip)a { 2o (u) 8:1’ (u) 93 (n) + 2 9§ (u) +S: Z}(u’) 9? (u’) du’ } (LL)

. * *

. . ¢

It must be emphasized that these moments equations ane rijorous. The
sphernical haxmonic expansion was quite general and not teiminated at
some ginite L.

BEquation (l41) alone is sufficient to calculate the zero moment,
fg (u) (which, again, is the volume angle integral of the energy depen-
dent flux); equations (Il and (L4L2) alone are sufficient to calculate
0;(u); and equations (l1), (42) and (L43) alone are sufficient to cal-
culate 62 (u). This permits a direct determination of neutron age.
Neutron age in a slab.geometry is defined as one half of the second
spatial moment of the flux,

7 =500 (S)
But the second spatial moment is given by egquation (27) which can also

be expressed as

(" (an x? P(x,u,1) s @ olx,u) dx
@(2)(u) - 3-00 S = 3— i ° =
+ n te
S- mdx ) dﬂw(x,u,u) S- -] ¢\°(x,u) ax
¥ { x2oxu)l, ., (46)

F wo(x’u) }Dg o
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Since
o (x,u)} = 30 2R ,
QF{X :)L()\,U) by (L7)
3pt

(another Fourier transform property, Ref 18), it follows that

12[3290 (p,u)J
oye@ .y 770 B K], )
(6, (pyu)], . o (65 (u)] 92 (u)

So that a simultaneous solution of (41), (42) and (43) yields both
the desired energy dependent flux [63(u)] as well as neutron age
(%63 (u)/Bg (u)]. It is 1mportant to note that these quantities were
determined without truncating equations (31), (32)....

Recall that the purpose here is to develop a few-group machine
program to generate group cress sectiens and other related reactor
constants. Therefore, tane moments equations must be put into mlti-
group notation, and integrated over a specific lethargy range u; to

u;. Consider the zero moment equation, Eq (41) 1In group form ii is

nu: '\u:
us Zi(u) Qg(u) du = Suﬁ S(u) du +
Au; nu
5 _ du3 £ (u’') 65 (u’) du’ (L9)
ug )

From the definition of a flux weignted group cross section, Eq (8), it

is easy to sce tnat the first term becomes

cta
3y Ze{u) 95 (u) du = T,, 95, (50)
n

where L., is the macroscopic total cross section of the n-th group and
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r’%gn is the total group flux. {(Remember that in this case the trans-
formed flux has the property of being equal to the spatially integra-
ted all angle flux in real space.) Similarly the second term is
+
¥
S _ S(u) du = X, (51)
U,
where ¥, is the fraction of the source emitted in the n-th group pro-

viding S(u) is a normalized source. The last term

+
u, u

gu; du go £e (u’) 83 (u’) du’ (52)
can be considered as a group of n double integrals where the integral
from o to u on du’ has been broken into n intervals. duj, Aub, Aub,...
It is important that the integration be carried out cn the variable u
first since tne limits of integration on u, i.e., u, to u:, are ac-
tually functions of u’ and the maximum Au of the scattering nucleus.

Thus the last term becomes

€3

u, . R
[o] ’ o ’ .
Bu; dus Se(u) 8y (u') du + Bu; du

o] I4 O, .7 ¢
Au«’l i g u,e Za(u ) 00(.1 )du

A

...+(_duSA , To(u’) du’ +
u:; ¥ 4 ? -
gu; du SM $2(u’) 65 (u’) du (53)

Now, each double integral, say the j-th, is a measure of the neutron
scatter transport from the j-th to the n-th group. Thus this last

term, By (53), can be written as
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J=1

Substituting Eq (50), (51) and (5L) into iq (L9) and rearranging

: terms yields n-1
§ (Zen ~ Zan-a)B3n =74 +§‘E?J‘n 04 .
| 3:1
i or n-1
: FrnBas 7 Xa *) S5y 65 (55)
j=1

where L., is the macroscopic total removal cross section from the n-th
group, that is scatter removal plus absorption removal. Note that
this equation is essentially a neutron balance. Treating the first

roment equation similarly yields

60 n:l
(Zgn - 'sn—n) e%a = _?n Z Z, J-n 9}: (56) -
304

Equation (56) is the neart of the 3if1 rence between the multigroup
mo=ents method and trz2 age diffucion methods. Note chat the dif--
feren. ¢ Zerm emltiplying 8], on the left is aot tue common transport
cross section, in that it only subiracis away the within group scat-
tering term. Rather than assume that ccllision densities, (£.9,), ar-
slowly varying, this method explicitly accounts for the linearly

anisotropic termiZ,. Using the term

E:g'.n = (Ztn - 2-:}!x*'n) (57)
6) becomes
Eq (56) . n-1
z:gtn E}ga =:931 + L Eij—n }J (58)
J=1




Z!'nsgn = 29%': + 2 Zg.i—n 9:2)3 (59)
i=
v

%
|
|
é
3
|

v

The group age, T., may be defined in a similar manner,

v a

PR

[, 7(u) 83(u) du
T, = An ° (60)
jAn 855 (u) du

n o

.
TS T T R TIU T PUa rT

However, group age must be more carefully interyreted than group

cross sections. The only average age whicu has any meaning is the

AL LAk Ak T L

average age of neutrons.which leave tne grovp. Therefore, T, s 1is
always to be associated with the lower energy Loundary of the group.

By equaticn {(48) group age may be written as

2
r - 1%a (61)

£ U VAR A RO Y0 Y SHMR SIS+ K6

RV

Tnis may be rewritten by dividing equation (59) by 2%,.83, to yield

7, [e;,ng HN

But, A2 can be expressed as
S = 27,95 (62)
Therefore, the group age expression btecomes
n-1
1 ,
o [ol, + Y 63,7 (61
Ern on - J:']_
Finally by defining a, as
2y = NI,y 80, {65)
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G, =X, vy g (66
3 . j=1 rd
.. 3 a 1 n-1
' i elln = - + z O}J-n ellJ (67)
- 3(7||tn Cry 7 Ougtn j=1
' n-1
Ch 1 og -
1 T, mdr ) Teee g (68)
3 a‘ﬁ g‘n =1 ra
A J

where N = total nuclei density, mclei/em® x 1072*, and tiue o's are
the respective microscopic cross sections in barns with the subscript
notation the same as in previous equations, The group fluxes, the %gn
and the group ages can h¢ determined by solving the above equations.
Cross section data is read in from a cross section library, which will
be discussed later, and calculation is begun with group one where the
scatter in term is zero. Calculation proceeds consecutively through
;ir; 2ll remaining groups down to lethargy 17 (0.41hL ev). All group fluxes
i“,r are then normalized to $(16) = 1 in order to be normalized to the

4% 3 . thermal flux at the same value. It should be noted however that the
J,; input cross sections are generated from a mocified version of GAM

(Ref 13) which does not include tbe effects of rescnance ibsorption.
Therefore, resonance absorption must be accounted for in the code.

This is done by calculating the resorance escape probability.

. 3 Resonance
The resonance escape probability is the probability that a neu-
tron will escape resonance capture during slowing down and is given by

Murray as (Ref 16:82)

g
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. By dE
p = expy SE (582, "E"J (69)
where p is tre resonance escape probability
E, is the reference energy, usually 1C Mev
€ is the average logarithmic r.ergy decrement per collision
Z, is the macroscopic absorptien croce section, cm™?

. . -1
&y is the macroscopic total cross secticn, cm

Murray also points out that the exponent in Eq (6%) may be written as

N A
Bt dE (70)
gr, VE 1+ NAg A E

N . . N ~24%
where NA is the nuclide densi!y of the resonancz absorber x 10~2 per
cm?

s

5. is the microscopic absorption cross section of the resonant
absorber, barns
and I, is the macroscopic scattering cross section, em™?
Note that tie term in the integrel (70) depends on the toital scatter-
ing cro-s section per absorber atom 2,/1~§A, which is a function of the
moderator-fuel ratio. The integral term in (70) above, defined as the
resonance integral, is usually approximated oy empirical sxpressions.

Isbin {Ref 11:459) list: some of these expressions:

(for U33¢)

. Ze No,e71 T
(RI}eer = 2.69 : NQ;S /]o s N;ae s LOCC (722
Ia{BT)prr = 5.64 - 22 a5 000 (72)

O g5 238
(T,/n228) N
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o, i
= ;
g P ~C o~ - ..22R i
g and {RIjepy = 20G for Z./Hi = o, :

: % and for Th?®? {

' (RDuer = 833 (—) 0% =% Ls00 'i3) s

att & NEEH NEDE -

S ;
% - .

(RI)ere = 70 250 (74)

k N?”.? :

: ! 3

:

i . . .

! where (RI),;r is the effective resonance integral in barns.

i

¥

4 . . . 2

i ¥, 1is the macroscopic scattering cross section of tae mixture

. -1

‘ over the resonance region, cm .

The resonance escape probaoility given in equation {€9) tuen becomes

. A x o« ¢

: p=expl- (Rl),, N*/7%,] {15) 3

$

d where the § T, is for the mixture.

- The effect of resonance absorption is ither iatroduced into equa-

tions (55), (56) and (59), the moments equzzion:, by increasing the

- C,9 and 0,1, (resonance takes place . groups 9 and 2J;, shru the

: equations (Ref ~ :179) -

- ro3 P

Tre = Cra * Ten (7€)
res _ o) A {77 H

where .5 = A (D)., /% (1)
where 0., = microscopic removal crose section of proup n, Sarns :

A, = an empirical factor 3¢ apporition the resonance absorption

tween groups 9 and lLin
M1 = the lethargy interval over which resonance is effective,

Murray gives a velus of 35,5, T

. This has the effect of reducing the downscatter to gioups 10 and 11 by

: appropriate factors without viclzting neutron conservation within the é

3 5

B
7
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groups. 'The code allows the user the option of providing his own value

S AL

of (Ri)es¢ should he so desire.

The equations for determining the fast flux spectrum and age are f

waredrands

now complete. The equations specifying the thermal flux spectrum are

o

developed in the next scction.

.f Thermal Flux Spectrum
In elementary reactor physics the thermal flux spectrum is usu-

ally assumed to be in thermal equilibrium with the moderator preducing

2 Maxwellian distribution. This is not true however since absorption
removes neutrons and thus disturbs the equilibriv=m, On the other hand
the moments equation used for epithermal energies can no longer be
used since they take into account cnly downscatter, whereas the possi-
bilivy of upscatter must be considered when the energy of the modera-

R ter nuclei is comparable to the neutron erergy.

Wilkins (Ref 20) derived a second order differential equation
vhich describes the thermal neutron spectrum in an infinitely teavy
Maxwellian gas and allows atsorption. The thermal speztrum generated

by this code is calculated by solving the Wilkins equation. This solu-

tion is expressed in terms of a cross section determined parameter,

the absorption parameter, which in turm (in the case of a mixture of

nuclides) is expressed in terms of the thermal utilization, another

crcss secticn varameter. These two parameters are developed next,

followed by a developzment of tne Wilkin's equation.

Thermali Utilization

-
a2 g g e b ks skl

The thermzl utilization £, is defined ag the ratioc of thermal nea-

S trong zbsorbed in fuel to ail thermal neutrons absorbed or,

o
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5 = - altye at=o0d =1 « adeod (78)
i {Vf tu]f-_-el [Vf Z.]fuel

‘ where vf is the volume fraction. However, the tiermal neutron flux in

* the fuel elements of a heterogenous reactor will be depressed due to

' the strong absorption in the fuel. This effect complicates the cal-
culation of the thermal utilizaticn. The oroper expression in the
case of heterogeneous reactors is (Ref 16:67-80)

[Vf za]ucd

L‘rf ?:L]fuei

1+ F+ (E-1) (77)

s

where F = Kgw coth (Kgw) (in the case of siab geometry)

E = Ky(W-w) coth (Xy{W-w). (sor cylindrical geometry see Ref

5 16:87-88)
Ks = £o/Dg
K)_z = SI/DI
W = half the distance betwsen fuel element midpoints

W = the distance from the midpoint of the fuel element to tne -
boundary of the fuel element
and the subscripts O and 1 refer tc fuel and mcderator respectively.
In effect ¥ is actually the ratio of the flux at tne fuel surface to
the average flux in the fuel while (E- 1) accounts for the fact that
tne flux in the moderator rises from a2 minimur at the fuel element to
a maxirum ridway between elements.

In the cede tne ¥ and E factors must be read in for heterogeneous
cell calculations but, they are assumed equal to unity fcr hcemogeneous
systems. 1In the case of heterogeneous reactors in which thin -~losely

spaced fuel plates are used tne systen can be assumed homogeneous from

a calculational point of view,

9y




The Absorption Parameter  is dellned a3
A - 2A0,(E) VE/KT (80)
o s(E)
where A = nuclide mass, amu
k = Boltzmann's constant in MeV/(°K)*
T = temperature, deg. Kelvin

Since A is used only for thermal calculations, 7 ,(E) is assumed con-
stant and 0 ,(E) is assumed to vary as 1/v. Then
2Ah0 4o
g (61)

wnere 0,, = microscopic abscrption cross section at energy kT in barns.

A=

Weinberg and Wigner (Ref 19:337) point out that for a mixture of nuc-
lides the absorption , arameter should be divided by the factor (1-f).

Therefore, to find the absorption parameter for a mixture of nuclides

the fellowing equation is used:

z,‘rA‘

1§
DY\

= (82)
(1-£)

1 -

A j&
i

where Zé = total macroscopic cross section of the i-tn nuclide, and

the summing variable i, refers to all moderator nuclides.

The Wilkins Equation

The Boltzmann transport equation for steady state conditions in
an infinite homogeneous medium was given in equation (8). It is re-

peated here for convenience.

[
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3 - ,
i~ t—fD(X,u,U) AR (u)r\x,u,u)S(x,u,u)
X

. "u
3 d.?’s a(u’) vix,u’,u’) £lu’ - u; ugy)du’ (Q)
0

However in the thermal case we shall taxke the source, S(x,u,u) as
zero, and introduce the neutrons as a boundary condition by specify-
ing some arbitrary number of neutrons slowing down past the upper
energy limit of the tuermal group. In the absence of a source and be- i
cause the media is infinite the variation of flux with voth spatial —
position and direction disappears. That is @(x,u,u) = #(u) and

3P (x,u,u
38 (xyu,4) 0. Thus the Boltzmann equation becomes

3 x 4
+ R
[Za(u) + Eg(u)] 2(u) =§ Cs(u'- u) ©(u')du (83) R
, I
or in terms of energy .
£ L
[Zu(E) + 2(B)] 9(B) = | Z.(E'-E) 5(E")dE’ (8L) i
(o} H
where the limits on the integral are correctly O to = because of the .

the possibility of upscatter as well as downscatter.

where

8
P DOPE

T.(E) = g L (E-E')dE = g Telu’ (85)
0 i

and Z,(E-E')dE’/Z,(E) is tne probability that a neutron at energy E,
will be scattered into the energy range E’ to E' + dE’.

Both Hurwitz (Ref 10) and Wilkins (Ref 20) solve this equation
for a heavy gaseous moderatcr. Hurwitz's soluticn is more easily
followed and his method will be used to develop the Wilkins equation.

According to the principle of detailed balance for neutrons, in
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thie case of zero absorpticn 3
S(E' - E) M(E') = 5(E-E’) M(E) (86) R

where M(E) = tue Maxwellian flux at energy E. As Hurwitsz states, 3

"Tuis [is] a property of trne kernel wnich is independent of the flux".

S e s

Using tnis, equation (8L) can be rewritten in terms of the new variabie
g ’

Xdee

. ¥(E) = o (E)/M(E) (87) i
where Y(E) is tne deviation from a Maxwellian flux. Thus equation

{

(8L) becomes I

EAE)Y<E>=§:2<E-E')KY(EW - ¥(E))dE’ (88) %

Hurtitz then uses a2 Taylor series expansion of ¥(E) about the point

E’ = E to give

o

.m](m_ﬁﬂ+_maw

)
Z 5 e (89)

where AE = 2(2kT- E)/A  (Ref. 10:283)

r LEkT/A

—— e s o
SRS TP LAY

and A = mass number of the moderator nuclei. {

Substituting for AE and AE® in equation {89) yields

220 M

s ,
gxr . (2kT - E)——--A—‘i'=0 (90) |
dE? dE b

wiere A is the absorption parameter defined by equation (81).

It is convenient 2t this point to introduce a new variable x

which is a dimensionless velocity defined by

x =/E/T (91)

. In terms of this new variable

xN(x) = 2 Eo(E) = 20(u) (92)

37
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and Y(E) = Cx™2 axp (x®) N(x) (93)
where N(x) = number of neutrons at velocity x yand C is a constant.

Now noting that

Y(E) = £(x) (o)

Y/(E) = £'(x0) & (95)

MEY = g dc 2 oy dx Y[_dx’ 6

¥ “(E) f(x)[dEJ f(x)LdEz][dE] (96)

vwhere 25 = -JL-and % = - - (97)
dE  2xkT dE? L(kT) 2 x3

and where the primes denote differentiation with respect to tne res-

pective independent variables.

We find that
2
v/ (E) = fz_Pf_)_ {F0W0 + 7 - 27 e} (98)
2
YlI(E) = f’(q?;____z_)_{ x-4 Nll(x) + (hx-a - SX—S) NI(X) -
kT

(8x™8 - 8x™* + Lx™2) N(x) } (59)

Substituting Eq (95) and (96) into Eq (87) results in the well known
Wilkins equation
XN/ (x) + (2x® - 1N (x) + (bkx-A)N{x) = O (100)
This equation is solved by setting
N(x) = x® exp (- x®*M(x) (101)
which converts Eq (100) into
M (x) + (3-2x3M'(x) - AM(x) = O (102)
This equation is solved by the power series method. The method is

straightforward and for an expansion about the point x = O results in

98
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M(x) = Z Cn X° (103)

where a,

a, [2(n-2) apen + A ap-y]

1
n(n+2)
and a, is arbitrarily set equal to 1. Equation (102) can also be ex~
panded about the point x = a. In this case by letiing x-a = V, Eq
(102) is converted to

(V+a) M/ (x) + (3-2V° - 4Va-2a®)M' (x) -tM(x) = O (104)

and the solution is

M(x) = Y ba(x-a) (105)
n=0
where = 1 [bn-l(n-l)(n"l'?-az) -
a(l-n)n

ba-z {ba(n-2) + A} - b,y 2(n-3)]
In the code the values M(x), M'(x), N(x) and x®N(x), (which is «

©{u)) are calculated at every 0.25 lethargy intervals beginning at

u = 23 and continuing to u = 16. The calculation employs Eq (103)
for the first point then uses Eq (105) for all subsequent points,

the point x = a used in Eq /105) being the point x in the previous
calculation. Terms are added until relative contribations of addi-
tional terms to M(x) and ¥’ (x) are less than 107 relative value. All
thermal fluxes are normalized to §(16) = 1 to match the epithermal
fluxes from the moments calculation. To arrange for the proper in-

crementing of the variable x, -such that Ax corresponds to 0.25 leth-
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argy units, the following is used:

X(4e25) = oxp [(- 11.5)(10%3/8.6161)°] (106)
X2 =X, + Ax (107)
Bx = x, {exp (-125) -1] (108) )

T is temperature in ° Xelvin

Therital Constants -

In the code the thermzl range is arbitrarily defined as O to 1.25
av which is » to 16 on the lethargy scale. All thermal constants are
calculated for this interval.

Most Probable Neutron Velocity

The most probables neutron thermal neutron velocity is found by
locating the peak o2 the N(x) vs x curve by the code. However, since
values of N(x) are fod for 0.25 lethargy units, the value of v, is

not, exact. The true probable velocity is

vy = [x(16,500 ¥, - o (109)

(T in °K) .
Average Neutron Velocity

The average neutron velocity is found by Sq (103) except that the
equation is evaluated at x = X; which i3 the average x, rather than at

x = x,. The average normalized neutron velocity X is

5 x N(x) dx
- o
x -
(asie) (110)
S N(x) dx
)
The integral over N(x) can be found by integrati..; Eq (100)
X N (x) + 2(x® - 1) N(x ’
ROEE ) A( ) NG \111)
)
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Lo gy

N (x) =2 [x® exp (- x®) M(x)] { ;%w - ;} +
x? exp (- x®) M'(x) (112)

Thermal Diffusion Length Squared

The thermal diffusion length squared is defined as one sixth of
the mean square distance a neutron travels from the time it becomes

thermal until capture. Thc total distance';, a leutron travels in

making n collisions is
-~ ~ ~ ~
— -t — — .
r=171,6, + 108, + 10, + ... + 1y, 0, (133)
~

where ry 8 is the magnitude and direction vector of the neutron be-
tween collisiuns, The total mean square path is the scalar, or dot,
product of equation (113) with itself. Note that the cross procuct

terns will involve the dot products of the various neutron direction

vectors 8y, and 9, - 6, = cos 0, where €;; is the angle between 6,

-~

8y. But for isotropic scatter the angle 0;; between two successive

paths i and j is completely random. Thus, there are as many positive
cosines as negative ones, and on the average,cancel each other out.

So
i

r (11h)
1

N

where k is the collision number and K is the total rmumber of collisions.
It can be shown that any rf is twice the mean free path squared for

that collision (16:278), therefore

(115)
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where A is the average neutron mean free path over the thermal range,
cm
Eg is the total average thermal macroscopic total cross section
cmt,
Sims (Ref 17:14-16) shows that n, the number of collisions a neutron

makes is equal to the ratio of the scattering rate to the absorpticn

rate. Herce, equation (115) becomes

le 125 ov
2 X Z:8 (E) dE
?2 = 0 (116)
_ 1, 125 44
sz Z.(E) #(7) dE
(o]

Now, the thermal diffusion length squared, La, is one-sixth this value.
The quantity E; can be found by assuming that I, is constant and .

has a 1/v dependence in the thermal range. Since x = VE/kT, L2 can

b

be written as

1x0
Te 5 x N(x) dx
)
L2 = (117)

- b
32224 S: N(x) dx

or
z' -.{

32%%,,

L = (118)

where x, = x corresponding tc 1.125 ev,

Teo =[x 2.(x)]x=¢,, the most provable value. However, T is

itself arn average and can be rewritten as

T=%,+Z, (119)

where
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Lo = — (120)

3 x N{x) dx
)

Hence the equation for L? can finally be written as (Ref 17:32)

L® = (121)

3040 ({04 +0,,(x) N]2

. . . . ~-24 -
where N is again the nuclei density x 107%% ¢m™2
O 1is the microscopic cross section with subscripts th- same as
pefore in barns

X is the average normalized neutron velocity and the energy

range for the calculations is understood to range from O to

1.125 ev in ihe code.

Migration Area

The total migration area is
M= L% T 122)
where TTb is the age to thermal.

In the code the migration area is found by adding the moments
methods age to lethargy 16 (1.125 ev) to the value of L2 computed from
lethargy 16 to «,

Therma). Cross Sections

The 2200 m/sec cross sections for the appropriate muclides are
input, data to the code from cross section libraries. However, these

cross sections must be adjusted to compensate for temperatures above
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293 deg. Kelvin., Assuming that o hag a 1/v dependence and ¢
constant, the thermal cross sections are adjusted accordingly and then
used in the thermal calculations. Finally the thermal cross sections

are adjusted to account for deviation of thz thermal spectrum from Max-

wellian. The proper absorption cross section is

L (123)
X

and the transport cross section is
Oer =0, Y05 (1‘ J) (1211)
where the term (1- &) is also input data from the cross section li-

breries.

Actually, an iterative procedure should be used. In Eq (123),

; Oa0 =[x o.(x)],‘;,p . However, the thermal cross sections read into

the program are 2200 meter/sec cross section values. They are then
adjusted for temperature, assuming that the flux is Maxwellian. But,
when the flux is not Maxwellian the most probable thermal neutron
velocity x, is not equal to x, for a Maxwell-Boltzmann distribution.
Therefore, tne value of x, used in calculating 0,, may not be correct.
The correct procedure would be:

(1) adjust the absorption cross section using equation (123) at

the end of the thermal calculations.

(2) re-input the value of G, calculated by equation (123).
(3) recalculate the thermal spectrum using the new value of O,.
(4) return to step 71} above until 3, remains constant.

. To keep computer run time to a minimum the iterative procedure

104




shown above is not used.

Cross Section Collapsing

The theory presented in the previous paragraphs is all incorpora-
ted in Chain I of OLD BARNYARD to produce flux as a function of
energy, both epithermal as well as thermal, in an infinite arbitrary
‘ mixture of nuclides. This energy dependent flux is expressed as a

histogram of 11 epithermal values and 9 thermal values. These flux
values are employed in Chai'.n IT to calculate flux weighted average
cross sections over any number of epithermal groups from 1 to 11 and
a thermal group. The exact number of epithermal groups, called broad
groups to distinguish them from the input fine groups, are at the
specification of the user. The boundaries of the broad groups are
restricted to values which are boundaries of the fine groups.

Broad group cross sections are calculated from the formula

2 Py 0
. O‘EG = _i.___.:_. (125)
(+0)
. 1

BG
where 0, is the microscopic cross section of n-th kind for a broad

group
®; is the total flux of the i-in fine group
o! 1is the microscopic cross section of the n-th kind for the
i-th fine group.
The interrelationships which axist among some of the cross sec-

. tions output by the code is not always obvious. The following expla-

nation, therefore, may be useful.
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Total Transfer

The group to group total transfer cross section is that value
which when multiplied by the losing group flux gives the rate of trans-
fer from j to k and is the sum of inelastic, elastiz (PO) and twice
the n -2n cross sections from j to k. Note that elastic (Pl), does

not contribute to total transfer.

Removyl

The removal cross section is that value wh'ich when meltiplied
by its broad group flux gives the rate of removal of neutrons from
that group. Thus the removal cross section is the sum of absorption,

inelastic, elastic (PO) and the n-2n removal cross sections.

Transport

The transport cross section is defined as
Ter =Ly -UZ, =T, - 5 (126)
Thus the transport cross section is the total cross section minus the
elastic (Pl) cross section. The transport cross section is calculated
as the sum of inelastic, the n-2n, absorption, and elastic (PO}
cross section. The transport cross secticn thus includes both within

group and out-of-group scatter terms,

Sumeary

"OLD BABNYARD" was written to assist professors and students en-
gaged in a reactor physics ccurse. It doss this by providing the
few-group cross sections and related constants usually required to

solve problems assigned in such a course.
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The code calculates tue energy dependent flux necessary to fiux
weigh the group cross sections in the first of two sequential chains.
The epithermal flux is calculated by the neutron transpert, moments
method, and the thermal flux is calculated by solving the Wilkins
equation by the pewer series method. Resonance effects are included
by the use of en,irical equations. The second chain collapses the
eleven fins epithermal groups to any number of broad groups from one
to eleven.

Finally one should always keep in mind the limitations of these
calculations. The accuracy of any output is dependent on the input
cross sections employed. It must be remembered that the input, eleven
group, cross sections are the result of collapsing the 68 group cross
sections from GAM-1 using two specific standard problems. This large-
ly limits the accuracy of the code. Also, the calculation of the most
probable thermal neutron velocity is only accurate within 0.25 letha?gy
units. At the present time resonance calculations are effectively
limited to one nuclide. This is because chain two includes resonance
absorption in calculatirg the broad group cross sections. If two
resonance miclides are included in chain two, the resonance absorp-
tion effect is, in effect, counted twice by assigning all the resonance
absorption occurring in the mixture to each of the resonance muclides.
Finaliy, the equations developed in this “ -ter and used in the code
inherently apply limitations. Recallithat the moments equations were
based on an infinite homogeneous medium and a plane scurce of infinite
dimensions at the origin. Similarly the Wilkins equation is applicable

to an infinitely heavy Maxwellian gas and a source free medium,
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Appendix A

Glossary of Symbols Used in Chain One

The fcllowing is a list of all variables used in chain one of the
code. The abbreviation "e¢" is defined as atom fraction. See
Appendix F for an example of the scattering matrices. In the scatter-
inz matrices the elements of the matrix, ajk’ are defined as follows:
a diagonal element if j=k, an upper triangular element if j<k, a lower

triangular element if j>k.

Name Location Meaning or Use
AN 0804 a in the recursion formula of eq (100)
0805 bn in the recursion formuia of eq (102)
351 0503401 a in the recursion formulas of eq (100) and
eq (106)
AN2 0503405 a o in the recursion formulas above
AN3 0805 a3 in the recursicn formulas above
AFTA 0816+01 The area under the N(x) vs X curve (see eq 108)
AREAX 0808-93 Summing variable to find the area under the
xN(x) vs X curve
ATOMS 1061-01 The last five alphameric characters of the nth

nuclides identification

1025403 P summing variable for use in the first moment
equation, eq (6%&)

o
kzl Zs * 2:n,n" * 2Xn'Zn 3~k
j=1
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Narce

DELTA

DENBR

DENS

DSUM

DTERM

ELSQRD

EMSQRD

F¥

FIS

FLX

R T AT

Egcation

0810

1061402

0503

1061+01

1061-01

1051+04

0806+04

0806

1002+01

0851+02

0852+01

1029+01

0808+01

0816401

0810+04

0108+02

1002+01

1061+02

1027

1023

2T TOTRRRT S s E T TR R AT T e o o

Meaning or Use

N'(x) see eq (109)

h nuclide

Absorption parameter of the nt
Absorption parameter of the mix

Total nuclide density of the mix (atoms per
barn-cm)

A code number used in chain 2
The quantity ‘l/S(XHGTn‘an)] for use in eq (65)

Summi-g variable for terms of the derivative of
M(x) from the Wilkins equation

Derivative of the nth term in the power series
expansion of the Wilkins equation

The E factor for heterogeneous cell calculations:
E = 1 for homogeneous mixture

Thermal diffusion length squared

The migration area

A normalizing factor such that F[FLX(10)] = 1
The value of N(x) for the point x = p

Flux per unit lethargy x2N(x)

A normalizing factor for thermal fluxes such
that #(u=16) = 1

Storage for the maximum group flux. Used to
normalize the flux spectrum to a maximum value
of 109

The F factor for heterogeneous calculations:
F = 1 for homogeneous mixture

A code number: Is this a fission nuclide:
0 = NO, 1 = YES

The group flux times the removal cross section.
It is a in the moments equations

The group flux per unit lethargy
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I 0500+08

i 0503+09

? | 11 0814401

3 0108

] 1IN 1006+03
»f .i 5 IN 1006+01

; INDEX 1043401

i
. i
- - | J 1065401
E § JJ3 0995
e ' K 1065+03
|
f KK 1007-02
i -
- 0112
3001401
: . KKK 0500402
KKZ 1067402
o Kz 1067411

Internal index used to read data for all
nuclides in the mix

Index used to identify the energy group in the
thermal calculations

A gate for locating the peak of the N(x) vs x
curve

An initial value for the index J in SS 109+01
if a thermal calculaticn was not performed

The maximum number of groups, below any
scattering group, to which scatter occurs

The number of groups from which scatter occurs

Code indicating what source has just been read
in

Internal index used in various DO loops

A code number for the type of resonance
absorber: 1 =Uor W, 2 = Th

A gate to determine if the desired source has
been read in: 0 = still seeking source, 1 =
found source. Read rest of source deck into
a dead end

Converts log (FLUX) to an integer for flux
spectrum printout

The group number of the lowest group to which
scatter occurs, from a given group

A sorting variable in outputting the fast
fluxes

A gate to separate thermal and epithermal
fluxes and a counter to sort the epithermal
fluxes

A gate to initialize TSIGY9, TSIG10, and PSIGY

A gate to index KZ by increments of 2 after the
first elastic (P0) and elastic (Pl) are stored

A counter uvsed in sorting the XSAM's
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Name

LGP

LQ

Ls

MOD

HA

NRNUU

Location

2002401

1001

1047

1050

1061+02

1061402

2002

1067401

1067+01

1061402

1061401

1060401

1061-01

1061401

1051407

0503406

0808

Meaning or Use

Index used to convert the k index of o:+k of
elastic (P0) and (P1) for proper storage in
the lower half of the scattering matrices

Subscripted variable tc read the problem I. D,
card

Used to print out the group with the unit
source

Identifies source as users own

A code number: indicates type of elastic
scatter: 1 = (n,n*), 2 = (n,2n), 3 = both,
4 = neither

The number of entries in the cross section E
library starting on the second card (except
vog if present)

Index used to convert the j index of 05y of
elastic (P0) and (P1), see LE above °

A code number: indicates type of media:
0 = homogeneous, 1 = heterogeneous

A code number: Is nuclide: 1 = moderator,
2 = fuel, 3 = other

A code number: Is epithermal absorption
appreciable: 0 = NO, 1 = YES

Number between 2 and 21 indicating sourca: to
be used

The number cf nuclides in the problem

Nuclide density of the at™® nuclide (atoms
per barn-cm)

Atom Fraction cf the nth nuciide

; : = 1 1

A summing variable Tfor the osj-kelj in eq (65)
The point x=a for use in eq (102) for a series
expansion of the Wilkins equation about the
point x=a

The value of the variable x for the nth
thermal group
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Name Location
0813

PREVF 0503+02
0816

PREFX 0809-02
PROB 0728

PSI 1061402

PSIGF 500402

PSIGM 0500403

PSIGO 0500+04

PSIGY 0705+04
PU 1045
0995

RES 1060401

RHO 1051+01
RIEFF 0995

SA 1027+

Meaning or Use

Lower lethargy boundary Fo» the various thermal
group fluxes

A storage variable for N(x) from the previous
calculation

N(x) at the peak of the N(x) vs x curve

Temporary storage of xN(x) from the previcus
calculation. Used to find the area under the
xN(x) vs x curve

The resonance escape probability
The average logarithmic energy decrement &

Sum of the products of the atom fraction times
the microscopic thermal absorption cross sec-
tion of fuel nuclides only

Same as PSIGF except for moderator nuclides
only

Same as PSIGF except for other nuclides only

Sum of the products of £ times average of the

scattering cross section of groups 9 and 10 for -
the mixture (Average scattering cross secticn

in the resonance region)

A dead end to read through the remaining
undesired sources after the desired one has
been found

Nuclide density of the resonance nuclide(s) in
atoms per barn-cm. Immediately converted to
atom fraction

A code number: Is & resonance calculation to be
perfermed: 0 = NO, 1 = YES

A holding variable for the lower lethargy
(upper E) boundary of the nth epithermal group

A code number: Is the resonance integral to be
calculated: 0 = calculated by code, non-zero =
value of resnnaace integral to be used.

First moment of tne fourier transformed flux
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SAMM

SCAT
SIGA
SIGATH

SIGDEL

SIGS
SIGSTH
SIGT

SIGIT

sIc9

SIG10

SOURCE

SR

SSM

STR

Location

1061-01

1025402

1061-01

0730

1023+01

0601401

1061402

0851+01

0500406

1061402

1066404

1066403

0991+01

0705

0705402

1043401

1005

1003+01

1004402

Meaning or Use

The first five alphameric characters of the
nuclide's identification

The summation term in eq (64). Also, with
T35 it is used in eq (66)

The second five alphameric characters of the
nuclide's I. D.

Recriprocal of 3 times the total nuclide
density

The age to the Indium resonance (1l.u46ev)

The scattering per resonance atom

The o:h for the nth nuclide

The o:h for the mixture

The sum of (0.4) a.f. of the mix where a.f.
is atom fraction

The o:hof the nth nuclide

The a:h of the mixture

The o;h of the nth nuciide

The sum of the product of the atom fraction
times the o} of all nuzlides except fuels
The total elastic scatter from group 9 for the
n'? nuclide. See Appendix F

The same as SIGY9 except the scatter is from
group 10

The fraction of the source in each of the 11
epithermai groups

The removal cross section

Scattering matrix for (n,n*) and elastic (P0O)
cross sections. (a 12 x 13 matrix): Upper
triangle (J, K+1) for (n,n*), diagonal and
lower triangle (LS,LE) for elastic (PO)

The multigroup transport cross section,

~url
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Name Location Meaning or Use

SUM 0806403 Summing variable for terms in the power series
TN ] expansion of the Wilkins equation. See eq
AR & (100) and (102),
. S2N 1009401 Same as SSN except it is for (n,2n) and elastic

! (P1) values

T 1027402 The group age 1 . 7 > use in eq (66)
3 TEMPTR 1060401 The system temperature T, in degrees Kelvin
E TERYM 806402 The individual terms, anx", in the solution to
9 the Wilkins equation, eq (100) and (102)
1 TERMU 1061492 (1-j1) thermal of the nth nuclide
TOTHWT 1027404 A summing variable for the summation term in
eq (66)
T |
' ] TSIGS 705401 The total scattering cross section from group
g 3 9 for the mix
% TSIG10 705403 Same as TSIGY except it applies to group 10
?

g U 1965402 Subscripted variable for the upper lethargy
(lower E) boundaries of the 1l epithermal
groups

o UTIL 502 The thermal utilization
VF 1061+02 The vozhof the nth nuclide
E VPROR 0815 The most probable thermal neutron velocity
3 VBAR 854401 The average thermal neutron velocity
X(K) 1027403 The lethargy width of the n'® group
603401 Storage for the symbols used in the flux
spectrum printout

§ XBAR 810+02 The average normalized thermal neutren velocity
; x

i XSHM 0997 Temporary storage for the cross section library
H

: 1030 Storage for the fast and thermal fluxes prior

é to their output

§

X 0698 Temporary storage for the grié for spectrum

! printout
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Name

XTON

Location

0120

0806

0806+01

0503+08

0809+02

0810

Meaning or Use

This prevents computer underflow if the flux
is too low. Note log (0) = -

x1-1 in equation (100) or (102)

x? in equation (100) or (102)

The value of x correspending to lethargy U = 23
The point x for the next Wilkins calculation:
X9 = % + x3 [exp (.125-1)]

The quantity (x-a) in equation no. (102)
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1043
1070
1044
1045

1046

1047

1071

1045
1050
1G48
600
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Chain One Source Deck

THIS CARD ORIGINS THF PROGRAM AT ADDRESS 10970 IN MEMGRY, [N ORDER
TO DO THIS YOU MUST USE A SPFCIAL SET OF SHORT SUBROUTINES,

JOB OLD BARNYARDs CHAIN 1

ORIGIN 10970

STORING IN COMMON THCSE DATA USED IN CHAIN 2 OR IN SUBPROGRAMS
COMMON LGP(13)}+sKEsFiLX(121)5U(11)9SOURCE(L11)+DENBRINRNUCSTEMPTR,
1XBARsPS IGMsRIEFFSRES

DIMENSICN SA(11)sSTR{111+SRI1I11sXSAM(168)9S5SNI12513)+52N(12913)9XI
111)-T(12)

READINC IN THE FIRST TwO DATA CARDS
READ 1060+LGP
PUNCH1C605LGP

Y FORMAT(13A5)

READ 1067+NEWINRNUCsDENBRsTEMPTR,RES ot
PUNCH1365

FORMAT(//)

TYPE1NGDSLGP

READING IN THE DECK OF SOURCES
REAL 1070,V

X=0

DO 1046 J=1,10
IF(K}31045+1043+1045
READ1060C+LGP
READ1INT70+ INDFX s JURCF
FORMAT(12N)
IFCINDEX-NEW)1Q646+10344451046
K=1

GO TO 1046

READ 1(.60,PU

READsPU

CONTINUE
IF(NEW-1Nn11050+1049,1047

SETTING THE UMIT SOURCE IN ITS GROUP (If APPLICABLE)
SOURCE (NEW-10)=1.

LGP{10)=NEW-10

PUNCH 1071,L6P

FORMAT(9A5+13+3A5)

GO TO 1048

READING IN THE USERS OWN SOURCE (IF APPLICABLE)
READ1070 +SOURCE

PUNCH 1060sLGP

TYPE 6(0

FORMAT(/16HBEGIN EPITHERMAL)
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1068

1069

1002

995

994
5n1

500

1061

1n66

PUNCH 1NnS58+TEMPTR

FORMAT(/22HSYSTFM TEMCERATURE 15 +F6els7rd KELVINY
PUNCH 1n59

FORMAT(/13HATOM FRACTIOMS ARE/)

CLEARING THE MATRICES OF ANY PRLVIOUS PRCBLEM
DO 13C2 J=1,11

STR(J)=D,.

SR(J,=0e

DO 1002 J=1,12

DO 1002 K=1,13

SSN(JaK)=0o

S2N(JsK)=0.

FF=1e

E=1le

READING IN THE RESONANCE DATA CARD (!F APPLICABLE)
IF(RES) 99519944995

READ s JUJ9PUSRIEFF

PU=PU/DENBR

(IF AFPLICABLE)

READ THE F AND E FACTORS FOR HETEROGENOUS CELL CALCULATIONS
IFIMi8005,500:501

READSFFsE

SETTING UP THE DO LOOP FOR EACH OF THE NUCLIDES
PROB=1,

KKK=0

PSIGF=0e.

H»SIGM=0,

PSIGO=0.

SIGTT=40

SIGDEL=.0

SIGSTH=De

DO 1020 1=1sNRNUC

READING IN THE NUCLIDE DATA CARDS

READ 1061y SAMs SAMM, ATOM3, Py MOL, DENS

FORMAT(5Xs3A5+10N)

P=p/DENBR

READ 17619SAMsSAMMcATOMS sLSoNASLQsPSTIsSIZASDELTASSIGS»TERMUSVFSFIS
PUNCA10669SAMy SAMMyATOMS o P

FORMAT(S5X93A54F15.8)

CORRECTING THE THERMAL CROSS SECTIONS FOR TEMPERATURE AND
CALCULATING THE THERMAL SIGMA TOTAL FOR EACH NUCLIDE
SIGA=SIGA%#2¢2E+(3/{128E+04*SQRT(TEMPTR))
DELTA=DELTAX:2E+05/(1.28E+04%SQRT(TEMPTRY))
SIGT=SIGA+SIGS

CALCULSTING TOTAL THERMAL SCATTERING SIGMA
SIGSTH=SIGSTH+P*SIGS

CALCULATING THERM#! UTILIZATION AND ABSCRPTION PARAMETER

GO TO (99359929996 sM0OD
PSIGF=PSIGF+P+SIGA

119




GO TO <97

956 PSIGO=FSIGC+P*S1GA
GO TO 961

993 PSIGM=PSIUM+P2SIGA

991 SIGDEL=SIGDEL+SIGT*PxDELTA
SIGTT=S [GTT+F%*S[5T

C READINC IN THE WHOLE CROSS SECTION LIBRARY FOR THE NUCLIDE
997 READ 1067+(XSAM(J)sJ=14LS)
1067 FORMATI{6N)}
KZ=0
KKZ=0

C CHECKING FOR ABSORPTION

IF(NAY1N06+1006+1004
1604 DO1CI5 J=1,11

KZ=KZ+3

STRUJY=STRIJI+XSAM(K7 ) %P
1005 SR{J)=SR(JI+XSAMIKZ)*P
1006 KZ=KZ+1

IN=XSAM(KZ)

KZ=K2+1

TIN=XSAM(KZ)

DO 1017 J=1,IN

KK=J+1IN

IF(KK=312)10084100851007
1707 KK=12
1008 DO 1037 K=JsKK

GO TO (1009+10105100951011)+L0
1009 KZ=KZ+!

C INELASTIC CROSS SECTIONs GROUP TO GROUP
SSN(JeK+1)=SSN{JsK+1)+XSAMIKZ ) *P
GO TO 1012

1010 KZ=KZ+1

N-2N CR(SS SECTIONSs GROUP TO GROUP
S2M{JeK+1)=S2N(JsK+]1)+XSAM(KZ ) %P
GO T0 1012
1011 IF(KKZ)2C01+2000+2001
2000 XZ2=KZ7+)
KKZ=1
G0T02002
2001 KZ=KZ+2

8]

! C PUTTING ELASTIC (PO) AND ELASTIC (P1) IN THE BOTTOM OF SSN AND S2N
2002 LS=13~,
LE=13-K
SON(LSsLE)=SSNILSsLE}+XSAM(KZ ) *P
S2N(LSsLEI=S2NILSsLEI+XSAMIKZ+11*F /3.
1012 STRUJI=STRIJ)I+XSAM(KZ ) *pP
IF(K-J11016510134+1016
1013 GO TO (1017+1014+101751015)+L.Q
1014 SR({JI=SK(V)-XSAM(KZ ) *P
GO 2 1017
1015 STRUJI=STRIJI-XSAM(K7+]1)%P/3,
GO T2 1017
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1016 SRUJI=SREL)+XSAMIKZ ) #P
1017 CONTINUE

GO TO{1C18+1018+1019,700)sL0C i
1018 LO=4

GO TO 1006
1419 LO=.

GO TO 1606

C READIMG THE FISSION CROSS SECTIONS USED IN CHAIN 2 INTO DUMMY STORAG :
700 IF(FIS)1L98+698+69% be
699 READ 1067+ (XSAM{J)sJ=41451)

h]

C READINC IN THE GRID RACKGRCUND FOR THE SPECTRUM PRINTOUT
698 READ 27225 (XSAV(J)sJ=414120)
2222 FORMAT(£0A1)

()

CHECKING FOR RESCONANCE CALCULATION
. IF(KKK)705+701+705

' 771 IF(RES) 704910204704

704 KKK=1

T C CALCULATING PSI*SIGMA-S FOR THE MIXTURE
TS1G9=0,
TSIG10=).

) cS1G9=0,.

P 705 SIG9=SSN(4+4)+5S5N(493)+SSN(492)+SSN(451)-TSIGY

i TSIGI=SSN(4+4)+SSN(493)+SSN(44+2)+455N(4,1)

SIGY0=SSN(34+3)+SSN(3,2)+SSN(3,1}-TSIG10

] TSIC10=5SSN{343)+S5N(392)+55N{3,1)

t PSIGI9=PSIGI+PSI*FX(SIGI9+SIG10)*5

' . 1020 CCNTINUE

C ALL CRCSS SECTICNS HAVE BEEN CALCULATED AT THIS POINT

. IF(KKK1720,7305720
S 720 TYPE 601
- 601 FORMAT(/15HBEGIN RESONANCE)

. C CALCULATING SCATTERING PER RESONANCE ATOM (IF APPLICABLE)
¥ SCAT=45%(TSTGS+TSIGly) /PU

C SELECTING THE EMPIRICAL EQUATION FOR RESONANCE iNTEGRAL
IF (RIEFF)1728+4721+728
] 721 GO TC(722+725143JJ
.- 722 IF(SCAT-4000.)723+723+724
| - 722 RIFFF=2,69%SCAT*¥,471
60 TO 728
774 RIEFFzEXPF(54664~163¢/{SCATH%,65))
! ; GC To 728
? 725 IF(SCAT-45004172697264727
- 726 RIFEFF=8,33%SCAT*%,253
60 TO 728
727 RIEFF=7).

B , c CALCHLATING KSSONANCE ESCAPE PROBABILITY
! 728  PROB=FXPF(~-PUXRIEZFF/PSIGY)
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C

©

730

1051

1026
1027

1029

1023

1030

1024
602

ADJUSTING SRCUP 9 AND 10 REMOVAL CROSS SECTION
FOR RESONANCE ESCARE
SR{9)=SR(Q)+RIFFF*4 1 #0U/LOGF 61e042/141254)
SR{1D)=SR{INI+R "FE*,9%PU/LOCGF(6146627/1641254)
STR(3)=SR(9}.S6, 241 =S2N4 4
STRI10)=STREIOI4 38N 2,3)-52N(3,3)

HANSENS FINITE OIFFERENCE EQUATIONS FCR EPITHERMAL FLUX AND AGE
SAMM =14/ (3« #DENBR®DENBR)
PUNCH 10S1
FORMAT(//57X+14HRELATIVE GROUP/SHGRGUP » TX + SHLETHARGY » TX 9 LOHENERGY »
1 FEVeB8XsS6HSOURCE $6Xs 14HFLUXy /UNIT U/}
RHC=,0
DO 1029 K=1,11
LE=13-v
DENS=SAMM/ (STR(K)XSR(K))
ATOMS=0.
TOTNT=0.
P=0e
T{K)=0.
FLX(K)=0,
3A(K)=0,
TF(K=111027+1027+1025
D0 1026 J=1l,yK-~1
.5=13=0
SAM=FL)Y (J) R (SSNILSsLE)+SSNIJsK+11 42, #S2N(JsK+11)/SK( D)
ATOMS=ATOMS+SAM
TOTWT=TOTWT+SAM®T ( J}
P=P+S2N{LS+LE)®SA(J)
FLXIK)=ATOMS4+SQURCE (K)
SA(K)=FLXtK)XDENS+P/STRI(K)
TIK)=(SA(K)I+TOTWT } /FLX(K)
X{K)=U(K)-RHO
RHO=U(K}
CONTINUE
F=SR{1CI®44./F1LX(10)

CALCULATING TOTAL FLUX PER GROUP
DO 1023 K=1,11

FLX{Q)=FLX{K)} /SR(K}

DO 103C K=1510
XSAM{40-K)=FRFLX(K) /X(K)

NOTICE THAT TOTf'. FLUX PER GROUP HAS BEEN LEFT IN STORAut N FLX(11)

CALCULATING AGE TO INDIUM RESONANCE
SAMM={T(10)-T(%)1%0.935+T (9}

CHECKING FOR MODERATOR IN THE SYSTEM

[F{PSIGM) 1024410851024

STARTING THZ THZIRMAL CALCULATION
TYPE 602

FORMAT{ /13H2EGIN THERMAL)

THE ABSORPTION PARAMETER AND (1/1-F)
UTIL=0,
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502
501

8n2?

807
8n8

814

IFIPSIGFY502+5034502

UTIL=1e 7 ((PSIGM+PSTIGOY/PSIGF ) %FF+E)
DFLTA=CIGDEL/SIGTT*(1./(1e=-UTIL))
AREAX= o0 3
F’R‘EFX=.’\
PREVF=0,
I1=0
ANZ2=1,
P=0,

ARRANGING FOR INCREMFNTS OF 0425 LETHARGY UNITS
ETODU=FXP(6125)-1,

Y HERE EQUALS Xe SINCE X WAS SUBSCRIPTED ABOVE
Y=EXP(-11e5)#SURT(1e0E+12/(8e616*TEMPTR))
I=0

DOING THE SERIES SOLUTION TO WILKINS EQUATION
AN1=aN2%DELTA%,333333

DSUM=AN1

SUM=ANZ+ANT#Y

XTON=Y

AN3=0.

N=4

N=N+1

XN=N-3

1F {P)18N5+8044+805

THE RECURSION RELATION FOR X=0
AN= (2% (XN=2,4 i *AN2+DELTA*AN1 )}/ { XN® (XN+2e ) )
GO TO 806

THE GENERAL RECURSION RELATIGN
AN={AN13 (XN=1 e )X (AN+1e~2 . #PRP)~AN2 ¥ (4 XP* (XN—2e¢ ) +DELTA)-AN3*2,%#(X
IN=3 1Y/ (F#XN%¥{1e~XN)}

AN3=AN2

DTERM=YN*#AN*XTON

XTON=XTION*Y

TERM=AN#%¥XTON

LUM=SUM+TERM

DSUM=DTERM+DSUM

AN?=AN]

AN1=AN

CHECKING FOR CONYVERGENCE OF THE SERIES
IF(ABS(TERM/SU)~1.0E-06)80758075803
IF(ABS(DTERM/DSUM) —1.0E-06)8C8,808,603
P=Y+P

FINDING N(X) FOR THE POINT X=P
F=EXP(~P*P) £SUMEP%*2

LOCATING THE PEAK OF THE N{X} CURVE
IF(111816+814,816
IF(F-PREVF)815+8154+816

CALCULATING THE 40ST PROBABLE VELOCITY
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815 VPROB=SQRT(14647T7C+04%TEMPTR) P
Ir=1
816 PRLVF=F

CALCULATING FLUX PER JUNIT 1) WHICH [S X*X*N(X)
F=F«psp
1=1+1

C STORING THE VALUES OF THERMAL FLUX
XCAM({}=F

C CALCULATING THE AREA UNDER THE XN(X) CURVE BY TRAPEZOIDAL RULE
F=F /P
ARFAX=AREAX+{F+PREFX)IRYR,5
PREFX=F
IF{I-29)8C9+810+810
809  AN2=SUM,
AN1=DSUM
Y=P+P*ETODU
Y=Y-P
) GO TC &n2

%
%
-k
. 2 g S
E
L
-
:

; A C CALCULATING THE AREA UNDER THE FLUX CURVE ANALYTICALLY
3 : 810 C=2e%F*(14/(P%P)—1,)+P%PXCXP(-D*D) £DSUM
ARE/ =(D%C+24%(P*P-1.14F/P) /DELTA

C FINDING THE AVERAGE NORMALIZED VELOCITY
XBAR=LREAX/AREA

T . C NORMALJZING THE “LUXES AND MATCHING THE THERMAL AND EPITHERMAL
. C FLUXES IF A THERMAL CALCULATION WAS PERFORMED

. F=1s/XSAM( 2GS,

e DO 812 J=1429

¢ 812 XSAMIJ)=F#XSAM(J)
GO TO in9
. 108 11=30
3 ' TYPE 1028
3 ‘ 1028 FORMAT(36HTHERE IS NO MODERATOR IN THE SYSTEMe/36HNO THERMAL CALCU
i 1LATION WILL BE DONE)
3 109 F=0.

C SFTTING THE MAXIMUM FLUX TO 100
F DO 105 J=11,39
E IF{F~XSAM({J)1106+106+105
3 106 F=XSAMN ()
105 CONTINUE
DO 111 J=il,39
111 XSAM(J)=XSAM{J) %1004 /F

c OUTPUTTING THE FLUXES

P=1645
DO 131 K=1+23
IF(K-101112+112,113

112 KK=40-k

1022 PUNCH 1052+KsU(K)s10E+DTHEXP (=K} ) s SOURCE (K s XSAM(KK)
GC TO 131

113 IF(PSIGMI115,131,115
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(&)

[}

115
813

131
1052

130
850
851

852

8513

854

855

856

859
857

858
260

861

862

2999
863

inocC
6n3

P=P++%

J=47-K-K

PUNCH 1052+K 9P 3] o 0E+07%#EXP(~P)90e s XSAM(J)
CONTINUE

FORMAT(I3sF15e2+3X21P3E1644)

OUTPUTTING THE THERMAL CONSTANTS

SUNCH £509SAMM

IF(PSIGM)1130+860+130

PUNCH 851,T(10}

FORMAT(//5X»35HAGE TO INDIUM RESONANCE (1le46EV) ISs1PE20e&s4H CM2)
FORMAT(/5X»36HAGE TO ARBITRARY THERMAL (1412EV) IS+ 1PE19s4s4H CM2

1)

CALCULATING THE DIFFUSION LENGTH SQUARED AND MIGRATION AREA
SIGATHE=PSIGM+PSIGF+PSIGO
ELSQRD=¢33333%#SIGSTH®#XBAR/ (SIGATH* (DENBR*!SIGSTH+SIGATH/XBAR) ; ¥%2)
PUNCH 852,ELSQRD

FORMAT({/5Xs35HTHERMAL DIFFUSION LENGTH SQUARED I1Ss1PE20e49s41 CM2)
SMSQRD=T (10}+ELSQRD

PUNCH 853+5MSQRD

FORMAT(/5X+23HTOTAL MIGRATION AREA 1Ss1PE32e4.4H CM2]

PUNCH £354,VPROR

FORMAT(/5X+41HMOST PROBABLE THERMAL NEUTRON VELOCITY ISs1PEl&4e4s6H

1 M/SECQ)

VBAR =SORT(1.647T7TE+Q4*#TEMPTR)®#XBAR
PUNCH £55sVBAR
FORMAT(/5X«35HAVERAGE THERMAL NEUTRON VELOCITY ISs1PE20e4+6H M/SEC

1)

DIINCH 856+sDELTA
FORMAT (/35X s23HABSORPTION PARAMETER 1S51PE32e4)

OUTPUTTING THE RESULTS OF THE RESONANCE CALCULATION
IF{RES1859,86( 859

PUNCH 857sSCAT

FORMAT(/5Xs 32HSCATTERING PER RESONANCE ATOM ISs1PE23.4,6H BARNS)
PUNCH 858,RIEFF :
FORVMAT(/5Xs31AEFFECTIVE RESONANCE INTEGRAL I1Ss1PE24+495H BARNS)
PUNCH 861

FORVMAT(78Xs1H-)

WARNING THE USEF TO SET SWITCH FOR SPECTRUM OUTPUT

TYBE 862

FORMAT(/52HPUT SWITCH 1 ON FCR SPECTRUM PRINTOUTe PRESS STARTs)
DAUSE

IF(SENSE SWITCH 1)3000+2999

THE SPECTRUM PUNCHCUT SUBPROGRAM

TYPE 863

FORMAT(/28HNO SPECTRUM WILL BE PUNCHED,.)
60 TO 1091

TYPE 603

FORMAT(/14HREGIN SPECTRUM)

STORIAG THE SYMBOLS FOR THE GRAPH
X(1)=1HX
X(2)1=3dL
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NN

C

C

C

300

120
3an]

3011
3012

3011
3014

3209
3008

3006

3015
n17

318

3niQ
3016
IN04

3702

352

X{3)=1HH
PUNCH 330

FORMAT (659HPLOT OF SPECTRUMs IN FLUX PER UNIT LLTHARGY VERSUS LETHA

1RGYs FOLLOWS,/ /!
PUNCH 301

ADJUSTING VMINIMUM FLUX TO PREVENT COMPUTER UNDERFLOW AND
REDUCING FLUXTS TO LOG SCALE 80 UNITS WIDE

DO 3001 J=11,39

IF{XSAM( J)=44982E-03)112043001,+3001

XSAM(U1=4.982E-03

XSAM{J)= ((LOGIXSAM(J))/2e30259)+141%204+e5

KK=9

I=C
ONE PASS THROUGH THE LOOP FOR EACH LINZ OF OQUTPUT
DO 3005 J=11+93

IF(KK)3011+3014,53011

CHECKING FOR EPITHERMAL OR THERMAL FLUXES
IF(J=29)30Nn9,3009,3C12

PU=J

P =23,2-PU/b.

ADJUSTINL FOR DIFFERENT WICTA GROUPS
IF(P-U(KK113013+3013+3014

KK=KK-1

K=¥SAM {35-KK)

0 TO 2108

K=XS5aM(J)

I=1+41

NUMBERS FOR THE LETHARGY STALC
LE=23-J/4

CHECXING FOR VALUES TOG LARGE FOR SCALE
IF(K=79)3015,301653006

N=13

k=79

GO TO 3004

CHECKING FOR VALUES TOO SMALL FOR SCALE
IF{K~-213019,3n17,3016

GN 7O (3018+2301653C16+3016+3018),1
N=2

K=4

GO TO 3004

1F{X-213018+230174+3017

N=1

KZ=¥+3¢

XKZ=K+4]

GO TO13002+3003+30534+3003+3002) 01

CUTPUTTING THE ¢ 3ECTRUM GRAPH
PUNCH 302sLE o+ {XSAMILS) 9L S=433KZ1aX{N) s (XSAMILS)»L5=KKZ»120)
FCRVMATI(12+784A1)

1=1
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301
1091
1092

GO TO 3005

3 PUNCH 22229 {RSAMILS ) sL5=a19KZ 7o XiNT o {XSAMILS)2LS5=KKZ+»120)
5 CONTINUE

PUNCH 3¢1

FORMAT(/2Haels17X91H1+18X+2H10+18Xs3H100515X94H1000/)

TYPE 1092

FORMAT (/14HEND OF CHAIN 1//3934TO COLLAPSE CROSS SECTIONS LOAD CRAl
iN 2/)

THIS PUNCH MAKES THE 407 LISTER ADVANCE A SHEET OF PAPER
PUNCH 861

THIS PUNCH AVOIDS RUNNING OUT THE LAST PUNCHED OUTPUT CARD
PUNCH 1265

SToP

END

EQJ
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E Glossary of Symbols Used in Chain Two

The following is a list of all variable names used in chain two
of the program. Their location in the code is referenced by statement
numbers, and their meening or use in the code at that location is

given. Some variable termc are carried over to chain two from chain

i one through the use of the COMMON statement at the beginning of the

chains. - See Appendix F for a sample of the scattering matrices.

Name Location Meaning or Use
: A 00S4-01 A summing variable for all the group to group

elastic (PO) flux weighted cross sections
(§0§fk for all j in the "scatter from" broad
i

group, and all k in the "scatter to" broad
group)

1109402 A summing variable for all the flux weighted
3 fine group alsorption cross sections in any
. given broad group

s . ATOMS 0701 The last five alphameric characters of the
- nuclides name
}—w~f‘ DENS 0701 A number indicating whether microscopic or
” macroscopic cross sections are desired:
E 1 1 = micro, 2 = macro
0061 If macroscopic cross sections are desired,

this variable is set equal to the nuclide
density (atoms per barn-cm)

DELTA 0702 Thermal absorption parameter of the nth nuclide.
Not used in chain two calculations
FIs 0702 A code number: Are epithermal vog included for
this nuclide: 0 = NO, 1 = YES
: FLX 6003 The fraction of the total broad group flux that
exists in each fine group within that broad
group
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Name

IIN

IRES

Location

0310

0307

1108

0205401

1006+01

1115

0601+01

0002-03

1112

oous

1004

1006+04

1120

4040

0604403

Meaning or Use

An integer number used to decrease the request-
ed number of broad groups if the flux in a
broad group is too low (done to prevent divi-
sion by near zero quanities)

Index of the DO loop of SS 301-02 to SS 305.
Set equal to 12 to immediately the DO loop if
NBG is changed

Index to determine if thermal broad group will
be output

Index of outermost of four DO loops. It indexss
through the epithermal broad groups. For
scatter from group n to group m it is the value
of n

The number of groups from which scatter occurs

A code number: Is this a resonince nuclide:
0 = NO, 1 = YES

A subscript to determine the boundaries of the
broad groups

An index used in normalizing the fraction of
the broad group flux that exists in each fine
group

Index for clearing ma*trices

Index to put the cross section library into
XSAM

Index to sort the o, into their proper SA

Index of “he outer DO loop used to load the
cross sections into the scattering matrices.

It is the j index of 05k

Index of the third of four nested DO loops.
For scatter from broad group n to bread group
m, it accounts for all fine groups in n

Index of the outer DO loop for broad group
output

Temporary storage for the requested number of
broad groups
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Kz

BN

1122

1109

1070+04

1007-02

1120401

1067402

1067401

0205+02

2002401

0604401

0702

Index of inner DO loop to account for all fine
groups in each broad group

Index of the inner DO loop used to load the
cross sections into the scattering matrices.
It is the k index of 95k .

Index of the fourth of four nested DO loops.
For scatter from broad group n to broad group
m, it accounts for all fine groups in m

Index of the inner DO loop for broad group out-
put. It indexes through the fine groups within
any given broad group

Both a gate and an index to identify the first
fine group with a flux less than 1012 (if any)

The group number of the lowest fine group, to
which scatter occurs, from a given broad group

An index used with the variable k in SS 1122.
It assists in proper scanning of the scattering
matrices (Example: prevents scanning on or
below the diagonal for (n,n*) or (n,2n) cross
sections)

A gate to cause KZ to increment properiy after

reading in the first elastic (P0) ané (P1l)

values into the scattering matrices: AKZ = 2 -
for elastic scatter, AKZ = 1 for all others

A counter to sort the cross sections into the
proper matri.ss

Index of the second of four nested DO loops.
For scatter from group n to group m, it is the
value of m

Index used to convert the k index of ¢:_, for

elastic (PJ) and (Pl) cross sections. ese
cross sections are read into the lower half of
SSN and S2N

A subscripted variable for the numbers of the
fine groups that form the boundaries of the
broad groups

A code number: indicates type of inelastic

scatter: 1 = (n,n®), 2 = (n,2n), 2 = both,
4 = neither
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Name

LS

MOD

MXL

NA

NBG

NRNUC

PS

Pt

RES

Location

0702

2002

1112-02

0701

0604+04

0004401

0702

0604401

0004401

0701

0702

0054

0704

-

Meaning or Use

The total number of entries in the nuclide
cross section library starting with the second
library card (does not include epithermal vog
of fission nuclides)

Index used to convert the j index of os ) for
elastic (P0) and (Pl) cross sections. “These
cress sections are read into the lower half of
the SSN and S2N matrices

An address variable to cause the program to
branch to the proper statement number after
clearing the matrices. It is a statement num-
ber that can be varied. Used with GO TO M
statements

Is nuclide moderator, fuel, or other? Not used
in chain 2 however it must be read in so that
correct number is read into DENS

The number of broad groups requested plus one.
This allows for output of thermal group values

Index of a DO loop (SS 0004+J1 to SS 0055) used
to read through all nuclides of the mixture

A cnde number: Is epithermal absorption appre-
ciable: 0 = NN, 1 = YES

The total number of broad groups for chain 2
output

The total number of nuclides in the mixture.
COMMON from chain 1

Nuclide density in atoms per barn-cm

The average logarithmic energy decrement £. Not
used in chain 2

A summing variable for the group to group elas-
tic (P1) flux weighted cross sections. See use
of A in SS 0054-01

A code indicating whether or not a resonance
calculation was performed in chain 1. If yes
(RES = 1) the resonance absorption will be in-
cluded in calculating the absorption cross
sections of the resonance nuclide. COMMON from
chain 1
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Name Location Meaning or Use

RIEFF 0700 The effective resonance integral of the reso-
nance nuclide(s). COMMON from chain 1

SA 1005 Microscopic epithermal absorpticn cross section

SAM 0003-01 The sum of all fine group fluxes in a given
broad group

0701 The first five alphameric characters of the
nuclide name

1122+01 A summing variable for group to group (n,n¥)
flux weighted cross sections. See the use of
A in SS 0054-01

0315 Dummy storage for th. ..id background cards

SAMM 0701 The second five alphameric characters of the
nuclide name

1122402 A summing variable for group to group (n,2n)
flux weighted cross sections. See the usc of
A in SS Q0054-01

1109401 A summing variable for the broad group flux
weighted voe

SIGA 0702 Microscopic thermal absorption cross section

S1GS 0702 Microscopic thermal scattering cross section

SIGTR 0314+02 Thermal transport cross section: [(l-ﬁ)oa+ua]*
DENS

SOURCE 0004 The fraction of the total scurce in each broad
group

SR 0901 The broad group flux weighted removal cross

section. The absorption contribution is &added
in SS 0045-01

SSN 1009+01 Scattering matrix (i2 x 13) for (n,n*) and
elastic (P0) cross sections. Upper triangle
(J, k+1) is for (n,n*). Diagonal and lower
triangle (LS, LE) is for elastic (P0)

STR 0054402 The broad group flux weighted common transport

cross section. The absorption contribution is
added in SS 0045
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Name Location
S2N 1010402
TERMU 0702
T 0054401
VF 0702
XBAR 1130
XSAM 0049

Meaning or Use

Scattering matrix (12 x 13) for (n,2n) and
elastic (Pl) cross sections. Upper triangle
(J, k+1) is for (n,2n). Diagonal and lower
triangle is for elastic (Pl)

Thermal (1-u) of the nth nuclide

A summing variable for the flux weighted group
to group total transfer cross sections. See
the use of A in SS 0054-01

Thermal vof of the nth nuclide

The average normalized thermal neutron velocity
X. COMMON from chain 1

Temporary storage for the entries of the
nuclide cross section library
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Appendix D

Chain Twc Source Deck

THIS IS PART 2 OF OLD BARNYARD. CROSLS SECTION COLLAPSIY
JO8 OLD BARNYARD CHAIN 2
ORGIN 10970

NOTICE COMMON STATEMENT IS SAME AS IN CHAIN 1

COMMON LGP (13)+oKESsFLX(11}1oUl11)sSOURCE(11)sDENBRINRNUCITEMPTR» XBAR
1,PSICMsRIEFF LRES

DIMENSTION SA(1119STRU1I1)sSRiII1)sXSAM(Z00)9SSN(E12+13)9S2N(12+13)
JVSF(11)

TYPE 604

FORMAT(/16HBFGIN COLLAPSING!

READING It NUMBER OF BRCAD GRQUPS AND THEIR EOUNDARY FINE GROPS
READ 107C+NBGs (LGP(J)+J=2sNBG+1)
FORMAT (12N}

CHECK FOR Z2ERO FLUX AND REVISE THE GROUP STRUCTURE IF NECESSARY
K=NBG

MXL=N3G+]

LGP (NBG+23=12

KK=0

DO 30% J=1,LGP{N3G+1)

IF(KK)301+301+305

IF(FLX{J)-140E-121303,305,4305

KK=J

DO 305 1=2.KK

IF{J-(LGP(1)+1))2310+310»305

NBG=1~-1

I1=12

CONTINUE

IF{KK13084303+309

TYPE 110C+KKsNBG

FORMAT(/37hFLUX APPROXIMATELY ZERO IN FINE GROUPs1352X+27HTO PREVE

INT DTVISION RY ZEROs/39HWHEN FLUX WEIGHTING CROSS SECTIONS ONLYsI
232X 28HEP I THERMAL BROAD GROUPS WILLs/s71HBE OUTPUT. THE FOLLOWING
AFINE GROUP BOUNDARIES WILL BE USED ACCORDING TOs/s I4HSENSE SWITCH
411}

TYPE 11C01+1LGPEUY s =29K+1) 12

TYPE 1INn24(LGP(J)sJ=2+NBG+1)s12

FORMAT{2HONs3Xs1213)

FORMAT(3HOFF 42X+1213)

TYPE 1103

FORMAT(3COHWHERE 12 1S THE THERMAL GRDOUD. s/ s31HSET SENSE SWITCH 1+P

1PESS 3TAaRT.)

PAUSE

IF{SENSE SWITCH 11117591106
LGPINEG+2)1=12

K=N3G

PSIGM=G.
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C

1105
308

1108
1909

1107
1110

1111

£ W

1112

1002
1113

1¢000
1114

704
701

1115

MXLENDGH]

50 TO 318

LGP (K+2)=12

MXL=K+1

LGP(1)=0

IF(PSIGM)L1107+1108,1107

1=0

TYPE 1909

FORMAT(G4HTHFRE WILL BF NO THERMAL BROAD GROUP OUTPUT)

GC TO 1110

1=1

FUNCH 1111 oMXL-1+19sNBRG+I (LGP (J) s J=24K+2)

TYPE 1111 oMXL~1+1oNBG+Is(LGP(J)sJ=24K+2)

FORMAT(35HTHAE TOTAL NUMBER OF BROAD GROUPS 1Ss135/,18HOUTPUT wWlLL
1BE FOR+I342X912HBROAD GROUPSs/+28HTHE BOUNDARY r iNf GROUPS ARE»12
213/ +30HWHERE 12 IS THE THERMAL GRQUP.)

NORMAL[ZING THE FINE GROUP FLUXES IN EACH BROAD GROUP AND
ADDING UP THE SOURCE IN EACH B8ROAD GROUP
DO 2 J=1,NBG

SA(J)Y=0.

DO 2 K=LGP(J)+14LGP(J+1})
SACJI=SA(JI+FLXI(K)

DO 4 J=1,NBG

SAM=0,

DO 3 K=LGP(J)+1,4LGP(J+1)}
SAM=5AM4+SOURCE (K}

FLX(KI=FLX(K)}/SA({J)

SOURCE (J)=SAM

ONE TRIP THROUGH THE DO LOOP FOR EACH NUCLIDE
DO 55 N=1sNRNUC

CLEARING THE MATRICES AMD SETTING SOVE TERMS TC ZERQ FOR LATER USE

ASSIGN 7n4 TO M
IRES=0

DO 1002 J=1y12
DO 1002 K=1+13
SSN{JeK1=04
S2N(JsK)=0e

DO 1000 JU=1,11
STR(J1=0.
SR(J)=0.
SA1J)=0.
VSF{J)=0.

A=Q.

SAMM=0,

SAM=0,

R=0.

TT=0.

GO TC M

READING IN THE NUCLIOCE DATA CARES
IF(RES)1115%,701,1115

READ 1C613sSAMsSAMMSATOMS 9P 9MODWDENS

GO TO 702

READ 10619S5AMsSAMMATOMS 3P sMODsDENS,IRES
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1r61
702

200

61
202
62
201

40
1067

1010

1011

2000

2001

2002

FORMST(S5X+3A5410N)

READ 1061 9SAMsSAMM ATOMS LS sNASLDyPST o SIGAWDELTASSIGSsTERMUGZVF,LFIS
PUNCH 200 +SAMISAMMGATOMSHF

FORMAT(//Y1HANUCLICE 15 934%4//25n ITS NUMBER DENSITY [Ss1PELle4
1412H PER BARN=-Cl4e//)

CHECKING FOR MICRQO OR MACROSCOPIC CROSS SECTIONS
IF{DENS=10)61+62,6)

DENSG=0

PUNCH 2n2

FORMAT(66HMACROSCOPIC CROSS . .CTIONS, IN PER CMy FCLLOWe)
GO TQ &9

PUNCH 271

FORMAT (45HMICROSCOPIC CROSS SECTIONS, IN BARNSs FOLLOW. )

READING "N THE wWHOLE CROSS SECTION LIBRARY FuR THE NuCLIDE
READ *1067 s (XSAM(J)eJ=14sLS)

FORYAT (6N}

KZ=0

KKZ=0

CHECKING FOR ABSORPTION

IF(NAY1NQ6+1008,1004

DC 1005 J=1ls1l

KZ=X2+1

SA(JY=SALI)+XSAMIKZY*TLX{J)XDENS

IF(IRES)I70091006+700
SA(I)=SA(9)+((RIEFF/LOGF(61e442/141254) )% 1%¥FLX{9}%*DENS)

SA(10)=SA(1C)+ ((RIEFF/LOGF{61446642/1e1254) )%« 9%FLX{10)*DENS)

K2=KZ+1

IN=XSAM{KZ)

KZ=KZ+1 *
TIN=SXSAM(KZ)

DO 1017 J=1,iN

KK=J+1IN .
IF(KK=12)1008+1008+1007

KK=12

DO 1017 X=JsKK

530 TO (1009+10109100951011),LQ

KZ=KZ+1

INFLASTIC CROSS SECTIONsGROUP TO GROUP
SSN(JsK+1)1=SSN{JsK+1)+XSAMIKZ)

GC TO 1017

KZ=KZ+1

N-2N CROSS SECTIONS. GROUP TG GROUP

S2NIJ4K+1)=S2N(J9K+1)+XSAMIKZ)

GO 1O 1017

TF(KKZ)2001+206052001

KZ=KZ+1 .
KKZ=1

60 TO 2002

KZ=KZ+2

PUTTING ELASTIC (PO) AND ELASTIC (P1l) IN THE B0TTOM OF SSN AND S2N
LS=13~J
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LE=13-K
 SSNLS+LE)=SSN(LSsLE)+XSAM(KZ)
S2N(LSsLEY=S2N (LS, LE)+XSAMTKZ #1173,
1017 CONTINUE
GO TO (10185,1018+2019+102015L0
1018 LQG=4
GO TO 1006
1019 LQ@=2
GO TO 1006
1020 PUNCH 205
205 FORMAT(//THSCATTERs 34Xy THELASTICs6Xs THELASTICs 7XsSHTOTAL/8HFROM T
1056X»s9HINELASTICs7X s 4HN=2N 39X s4H(PO) 39X s4H(P1) 96X s BHTRANSFER/)

C CUTPUTTING GROUP_TO GROUP_ VALUES

DO 53 I=14NBG

00 53 L=1sMXL
ASSIGN 1120 TO M
GN TO 1114

1120 DO 54 J=LGP{I)+1+sLGP(I+1)
_KK=LGPIL)+1 _
IF(KK=J)112151122,1122

1121 KK=J

1122 DO 54 K=KKsLGP(L+1)
SAM=SAM+SSN({JsK+1)%*FLX(J)*DENS
SAMM=SAMM+S2N({ JeK+1 ) %FLX(J)} *DENS
LS=13~J
LE=13~-K
AsA+SSN(LS»LE)*FLX(J)*DENS

54 R=R+S2N(LSsLE) *FLX(J)%DENS
TT=TT+SAM+2 ( #SAMM+A
STR(I)=STR{I)+SAM+SAMM+A-R

. _IFti1-L)900+901+300

901 SR(1)=SR(1])-SAMM

GO TO 53
900 SR{I)=SR{I)}+SAM+SAMM+A
53 PUNCH 10391 9L sSAMySAMMyA4RTT

C THERMAL GROUP TO GROUP VALUES
SIGS=SIGS*DENS
IF(PSIGM)569903+56
56 PUNCH 103 sMXLsMXL90e90e9SIGSs(le-TERMUI*SIGSsSIGS
103 FORMAT(I3+1545F13-5)

C CALCULATING AND CJTPUTTING BROAD GROUF VALUES
903 PUNCH 220
226 FORMAT(//5HGROUP »5X s SHSIGTRs9X s 4HSIGRs9X s 4HSTGA » 5X » 6HNUSIGF 56X s
16HSOURCE )
421 IF(FIS)4040+4040+4041
4041 READ 10675 (VSF(I)sI=1511)
4040 DO 46 J=1,NBG
ASSIGN 1109 TO M
GO TO 1114
1109 DO 45 K=LGP(J)+1sLGP(J+1)
SAMM=SAMM+VSF (K) #FLX(K)
A=A+SA(K)
SR(J)=SR(JI+SA(K) _
45  STRUJT=STR(JI+SA(RT

137

}
]
:
3
¥
¢
:
!
!
i




3 PRy

- ——

(P s Aot g s

46

314

102

215
55

1120
111

10973
1n63

1ne5

PUNCH 1029JsS5TRIJIsSREI) sA9DENS*®SAMAM, SOUKCL ()

OUTPUTTING THERMAL BROAD GROUP VALUES

[F(PSIGM)I3144315421¢4

VF=(VF/XBAR) *DENS

SIGA=(SIGA/XBAR) ¥DENS

SIGTR={SIGS*TERMU+SIGA)}

PUNCH 102+MXLsSIGTRsSIGASSIGASVF

FORMAT(144+5F1245) 5

READING AND [IGNORING THE GRID BACKGROUND CARD IN EACH LIBRARY DECK
READ 1061+5AM

CONTINUE

IF(PSIGMY1130+1093,1130

PUNCH 1119XLAR

FORMAT(//748HMAXWELL-BOLTZMAN FACTOR = )elZ86» AVERAGE X = sN)
TYPE 10673

FORMAT(/1I5HIND OF PJACGRAMG/)

PUNCH 1065

FORMAT(//71X)

STOP

END

EOJ
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Appendix E

List of Neutron Source Deck

e9 le 1o% 26 265 3¢ 56 8¢ 12+ 160 17,

THZ SOURCE USED IS 4235 FISSION (CRANBERG SPECTRUM) e

2 023023 +10824 421044 23139 418048 411483 612439 40072094 0 o0
THE SOURCE USED 1S U233 FISSION.

3 «021495 10472 420811 423202 o18252 11674 41267 «0073845 «0 o0
THE SOURCZ USED IS PUZ239 FISSION,

4 4024567 11047 421062 022996 17517 «11412 01239 «¢0071986 o0 0
THE SOQURCE USED IS PU241 FISSION.

5 0026852 11615 4215 22949 11077 «1190 «0068574 «0 «0 o0

THE SCURCE USED IS CF252 FISSION.

6 «NU6142 214786 22592 021926 15472 409531 4099137 0055827 «0 o0
THE SOURCE USED IS PO-BE (WHITMORE-BAKER),.

T 02382 o357 0201 «1025 o036 «DC85 o0 oN o0 o0 0

THE SOURCE USED IS PO-Bt (COCHRANE-HENRYI,

8 0257 369 2514 o079 o028 eN1D «0 D a0 o0 o0

THE SOURCE USED 1S RA-BE (HILL).

9 0229 265 4189 4109 4065 e033 o0 o0 o0 0 o9

THE SOURCE U<ED IS YOUR O¥WN AS SHOWN BELOW.

10 Do Do Do Ne Qs 0o O¢ 08 Do 0o Do

THE SOURCE USED IS A UNIT SOURCE IN GROUP NO,

10 e0 0 ¢2 20 o a0 o0 o) o0 o0 &0
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Appendix F

Inelastic and slastic (Po) Scattering Matrix

T K»t 2 3 4§ 5 6 1 s 9 10 1112 13
in o jia fin |in lin jin jin |in }in |in | in
pei |12 1B -9 }t-511-6]1-1])1-2)1-9 {1-10]1-1n}1-12
po {Po Jin {in {inlinlin |inl]in {in |in |in |in
2 n-t2ly-nfe-2 12-3 |2-912-5 |2-6 {2-7|2-®|2-7 |2-1002-11 | 2-12
po polPolin |in lin |in |in |in |in |in |in |in
3 10-12l10- 11} 16~16}3-3 {3~Y |3-5]23-6 |3-7]3-8|3-9 {3-10|3-/|3-12
Y PoipelpelpPolin lintiniinlin{in|in|in {in
Q-i219-11|9-10| 9-Q |y-4 | 4-S | 4-6 | 4-T [ 4-8 |4-9 | Y-1o| 4-11|4-12
g|PojPo|PolPo | Po inlinlin tin |inlin |in |in
b

u";'&\"‘bi“‘”‘t“’;’\&‘-!ysfwz‘{? e
PR &

B e,

g-12{@-n|8-1018-9|8-8)s5-5|5-6 | 5-7|5-®|5-9 |5-r0|5-ni5/2

po | Polprolpo {polPs Jin |in]lin{in Jin {in |in
2-12}7-14]7-10]7-2 |7-8 }7-744-5 | 6-7 |6 -8 6-9\L-10]6-11}6-12

; " Po|Po|Po |Po |Po [Po | Po lin |in |in | in {in {|in
y Y 161216-11]6-106-914-8 16-7 16-C N 7-1 | 7-8|7-F\7~10|7-11]|2-02

PolrolrPoiPo ,PolbolPolpPolintinlin |in}in
’ s §-i215-11|S-1015-1]|5-%|5-7 5-¢ 1575 18-2|8- | 8-10|8-11|@~i2
) Po [ Po|Po |PojPo|Po|Pe|pPo|Ps]in [in]in]in
5 9 y-1219-11 { 4-1eA- N d-9 192 |4-C |4-5 | /-4 |2-9| Q-10] 9-11 | 9-i2
fo |Po lPo lPo|P>|pPolPe | PolPo|Pe lin [in |in
3-1213-1/]3-1013-913-8 |3-7 |3-6 |3-5 |3-Y |{3-2 Jio-ic}lo-il{io-IL
po| PolPo |Po | PojPo | Po|Po | PO|PO|Po fin |in
2-12 |2-11}2-10] 2-9|2-%|2-7|2-6|2-5|2-¥|2-3 |2-2 pi-MitN-~12
Po |pc |Po |Po |Po [po |PO | Po |Po [Po |[Po | Po
j=12 le-ni fe-10§-9 { 1-8 -7 {1-6 | 1-5 { -4 (i-8 j1-2 | I~}

10

]

gy

2

wnere n’:?n is the location >f the inelastic (20)

| scattering cross section from group m to group n
. in the matrix.

Figure 19s Inelastic and slastic (Po) Scattering Matrix
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